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SUMMARY

The Subsurface Water Data Map shows locations of repre-
sentative wells within the Study Area, depth to water at
these locations, and the quality of the water present. The
amount of subsurface water that can be extracted by wells
within the Study Area varies greatly. Wells extract water
both from bedrock aquifers and from glacial deposits that
exist at the surface throughout most of the area. Moderate
yields (a few tens of gallons per minute) are generally
available from wells penetrating the Paleozoic sandstones
and limestones at the southeast and northwest margins of the
Study Area, but the older Precambrian crystalline rocks
underlying the central portions of the area are generally
dense and impermeable so that they yield very small amounts
of water to wells. Consequently, near-surface glacial de-
posits may be the only available sources of ground water
within areas of Precambrian bedrock. In other portions of
the area whexe limestone and sandstone strata exist at
depth, both the glacial deposits and the bedrock may serve
as aquifers.

The glacial deposits vary greatly in composition according
to their method of deposition. Coarse sands and gravels
exist in some areas, while clayey lake deposits and till
underlie others. The most promising areas for large~scale
ground water development appear to be areas of stratified
glacial outwash sands and gravels along major streams where
yields of several hundred gallons per minute are possible
from the fairly coarse and uniform sands and gravels pres-
ent. In contrast, it may be difficult to obtain a few
gallons per minute for a small domestic supply in some of
the areas where dense Precambrian bedrock crops out at the

ground surface, or where the glacial deposits are thin and/
or clayey.

The water table is near the ground surface (0 to 10', 20',
or 30') in mich of the area. In some areas, however, depth
to water is variable, ranging from a few feet in valleys
underlain by glacial deposits to in excess of 100' in upland
areas underlain by bedrock. There does not appear to have
been any long-term rise or fall in ground water levels
within most of the Study Area, although some local areas
have probably experienced a lowering of the water table due
to large~scale pumping operations in connection with mining
activities. Water will be encountered in most excavations
greater than 10' in depth. In excavations within Precamb-
rian areas underlain by extensive thick glacial deposits of
high permeability, such as outwash materials, flows of
several hundred gallons per minute may be encountered.

.
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The quality of the ground water throughout the Study Area is
generally good. The only two minor water quality problems
frequently encountered are hardness and excessive iron con-
centrations, both of which can usually be alleviated by
standard water treatment methods. Some of the deeper (300’
to 400') wells in bedrock produce water that is somewhat
salty (250 to 400 ppm chloride). Also, there is some possi-
bility of bacterial contamination of shallow aquifers by
surface pollution sources, particularly within areas under-
lain by the Paleozoic limestone aquifers at the eastern and
southeastern edges of the Study Area.

Areas underlain by coarse-grained glacial deposits, such as
outwash, and by the more promising Paleozoic aquifers could
support fairly extensive additional ground water develop-
ment. Consequently, although the Precambrian rocks are
capable of only very limited yields, in most areas the over-
lying glacial deposits would serve as a source of substan-
tial amounts of ground water. Due to the variability in com-
position and thickness of the glacial deposits, it will
probably be necessary to perform geophysical investigations
and test drilling/test pumping operations to correctly lo-
cate future wells.
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EVOLUTION

Processes and Time Leading to Existing Conditions

Ground water in the Study Area is found in both bedrock
aquifers and in overlying unconsolidated deposits of glacial
origin. Within the dense Precambrian rocks and the Paleo-
zoic limestones and sandstones, water occurs in and moves
through openings such as joints, fractures, and solution
cracks. Many of these rocks had low porosities and perme-
abilities when they were first formed so that they could

not readily store or transmit water. However, both porosity
and permeability have been increased over long periods of
time. For instance, the movement of water along joints in
1imestone formations gradually dissolves weaker portions of
the rocks, and solution cavities and fissures are formed--
openings which enable the limestone to function as an
aquifer.

Within the unconsolidated glacial drift materials overlying
the bedrock, water is found in the spaces between the grains
of the material, and these deposits function as aquifers as
soon as they are deposited. Materials such as outwash sands
and gravels have undergone a sorting process while being
transported by glacial melt-waters. Because of this sorting,
the resulting deposits are stratified (deposited in layers)
and some layers are composed of materials which are both
reasonably coarse and fairly uniform in size. Deposits such
as this have both high porosity and high permeability. Conse-
quently, they can readily store and transmit large quanti-
ties of water and are excellent aquifers.

Conversely, lake bed deposits which formed in areas of ponded
meltwater may be composed of predominantly fine-grained
material such as clay or silt. They consequently have low
permeabilities and generally are poor aquifers.

As water percolates through the aquifers, it dissolves min-
erals contained within the deposits. Thus, the chemical
quality of the ground water is influenced by such factors
as material type and the amount of time the water has been
in contact with the aquifer. Much of the ground water
within the Study Area is a calcium-magnesium-bicarbonate
type that is rather hard because many of the aquifers
through which the water has been moving (particulaxly the
limestones) are rich in calcium and magnesium carbonate.
The ground water also has significant concentrations of
iron because the rocks and glacial deposits are rich in
this metal in many areas.
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The Study Area is sparsely populated, and man has probably
had little effect on either the quality or quantity of
ground water in most portions of the area. The principal
water quality problems--hardness and excessive iron--are a
reflection of natural processes. A few exceptions where man
has affected the ground water regime exist, however. Bac-
terial contamination of shallow aquifers, particularly
limestones, has occurred in isolated areas. The source of
this pollution is probably barnyard waste or septic tank
effluent. Large-scale pumpage of water flowing into mines
has also caused lowering of the water table in the immediate
vicinity of pumping operations. In some areas, where mining
operations and the accompanying pumping have ceased, the
natural ground water regime has been reestablished and water
tables have risen. This has caused problems such as flood-
ing of basements which were constructed during the time the
water table was artificially lowered.

Anticipated Future Conditions

In the absence of large~scale development in the Study Area,
it is unlikely that significant changes in either quantity
or quality of ground water will take place within the fore-
seeable future. Ore beneficiation activities, particularly
in the Iron Range area of Marquette County require fairly
significant amounts of water, and significant increases in
this industry could mean an increased demand upon available
water resources. Water used in the ore beneficiation pro-
cesses generally becomes degraded somewhat in quality, but
it is usually passed through settling basins prior to being
returned to streams. Additionally, in most instances the
natural dilution process which occurs in the streams signi-
ficantly reduces the contamination in a fairly shoxt dis-
tance downstream.

Although the Precambrian rocks in the center of the Study
Area are capable of yielding only small supplies of water,
it is likely that the Paleozoic aquifers and many of the
glacial drift deposits overlying the bedrock could support
fairly extensive ground water withdrawals without adversely
affecting the quantity of water available. Most of these
aquifers are not extensively developed at present, and could
support many more wells., However, the optimum development
of ground water supplies (particularly in the hetercgeneous
glacial drift deposits) will require careful study and
investigation to achieve the best results and to ensure that
both subsurface and surface water supplies are not adversely
affected. Obviously, any development which resulted in
large amounts of waste water being generated and discharged
into the ground could result in deterioration of ground
water quality, and treatment of such discharges would be
necessary.

-
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DISTINCTIVE UNITS AND CHARACTERISTICS

Depth to Water

The Subsurface Water Data Map shows the locations of repre-
sentative wells within the Study Area, along with informa-
tion on the depth to water and ground water quality. Each
well is assigned an identification number according to the
well-numbering system commonly used in Michigan. The first
two parts of the well number designate township and range,
the third part of the number designates both the section
number and the number of the individual wells within the
section, and the fourth and fifth parts of the number indi-
cate the location of the well down to the specific quarter-
quarter section (40 acres) within which it is located. For
example, a typical well number might read as follows: T44N
R27W 17-1 NW SE. This number indicates well number one in
section 17, Township 44 North, Range 27 West. In addition,
NW SE indicates that the well is located in the northwest
quarter of the southeast quarter of section 17, Identifi-
cation numbers do not appear on the map, however, as they
can be readily indexed by using the Michigan System.

The depth to water in each well is shown by the coding
system presented in Table 1. Wells are grouped into 10'
class intervals for depths up to 40', and into 20' class
intervals for depths ranging from 40'-100'. Springs are
indicated by the letter "S". Detailed information on each
well appears in the Appendix. Where numerous wells are
shown within a 40 acre area, only the range in depth and
quality are indicated.

The water table is generally fairly shallow (0 to 10', 20°
or 30' in depth) within the Study Area. Ground water is
very close to the surface in valley areas, particularly in
glacial drift deposits. Some hilltop wells have depths to
water of more than 100°'.

Quality of Water

Nine important ions were selected, and wells having excessive
amounts of these ions are shown by a coding system on the
Subsurface Water Data Map. Since the water quality in the
Study Area is good, in almost all cases the only important
ion in excessive amounts was iron. This is the result of
iron~-rich bedrock and glacial deposits in parts of the area,
which sometimes cause the iron concentration in the ground
water to exceed the recommended limit of 0.3 mg/l. Although
not coded on the map, another water quality problem in the




"

3
00 Nt NN ) O ¥ U §

-

‘\‘\ T )
. N
5. (RS NN ) D ) (N U § R0 DS § AN Y A (MR A ¥ O | W
]

S1u8 - 0E. 28} sv.8-f 00,88} st XX Sv.88 -

(1o} 995)

SpaepunIS I0Q LHEOH NIANG "S'N Bupeady
WO UO] Ue S1ENPUL SUORIGS PHOS

uon - 04 ejeuoqueg SOOH

).
WNISS0J P WOIPOS - 3 7 ON eieyns o5 ™ 7
N wn > ow opporio - |, &
_N..u_d‘o o AR b 10§ 0} 10enuod Jopun
(1weUoD LOY) ALINVND YILYM

HONEI0] M =T+
(xoL 895) Wdeg HOM —{— O

Aq
I =T uoibay uebiyoyn 1oddn

* s -

H3LVM 3OV4HNSans =g AanIng B)S Jdiejeas




o - o r e TTEe T TR e e o e

¢, mw*l

Yiny,

o~

5

'.'.'.l.

=

SPlSP

|

~'.I- I

ov.l_,“ Ve
W S
4 h P\\,nU_
- |
v
o, paeT
00,97 £ e :
- - L
22 _n) o~ >~
A < "~ i
~(CM 4., * v T
"
A\ |~
4; . Ns
s B o
VN y St {
i oA |
m l. (5] o . = 1 \3.\« . ; ,ﬂ
” - m,\) JMV - \}\.:\ ! -
| | wal /. F 2 - .o g
Steov g L SIS ~ e i
1 j P = & !
] | ;
| | | ;
i . o
L) : |
e _
" . ‘.VJJ\ | _
i - u -
J « . :
; KA -
i i o
| ; :
0€.9v 4 « - m
- i/ S e i
| . 7Y oNIWE. - i
i - ONIW3dHS! i
:
- w .




Table 1. LEGEND - DEPTH TO WATER IN WELLS
Spring S
0-10 ft. 0
11-20 ft. 1
21-30 ft. 2
31-40 ft. 3
41-60 ft. 4
61-80 ft. 6
81-100 ft. 8

100 ft. 10




Study Area is high hardness values. Information on hardness
is included with the detailed chemical analysis data of well
water samples in Appendix C. The recommended limits for the
various principal ions and for total dissolved solids appear
in Table 2.

Table 2. RECOMMENDED LIMITS FOR DRINKING WATER*

Limit
Constituent in milligrams/liter
Total dissolved solids 1,000
Calcium (Ca) 200
Magnesium (Mg) 125
Sodium (Na) 200
Potassium (K) 10**
Bicarbonate (HCO3) 500
Sulfate (SO4) 250
Chloride (Cl) ' 250
Nitrate (NO3) 45
Iron (Fe) 0.3

Abstracted from U. S. Public Health Service, Publication
No. 956 and other sources.

* %
No limit clearly defined for potassium; however, most
potable ground water contains less than 10 milligrams/
liter.

Aquifer Units

The various aquifer units can be divided into two broad
categories-~bedrock and overlying surficial deposits--the
latter generally of glacial origin. Although glacial drift
is used as a general term to describe deposits which are of
glacial origin, it is possible to further subdivide the




glacial deposits into the principal surficial aquifer units
based upon their composition and mode of formation. (Note:
A more detailed description of the aquifer units listed
below is presented in the Surficial Geologic Data and Bed-
rock Geologic Data reports.)

Surficial Deposits

Till Plains: Deposits with a flat or gently rolling surface
which were deposited directly from the melting ice. Till
plains can also be called ground moraines. Till is composed
primarily of unsorted and unstratified mixtures of sand,
silt, clay, and gravel. There are sometimes pockets or
lenses of sand and gravel which coccur within the unsorted
till material.

Lake Bed Deposits: Deposits of silt, clay, and fine sand
deposited in glacial lakes which formed from meltwater
issuing from the glaciers. While these deposits are gener-
ally of low permeability and produce only small amounts of
water, they sometimes overlie other more permeable deposits
of sand or gravel which can be utilized as water sources.

Swamp Deposits and Recent Alluvium: These deposits are
found along streams and in broad lowland areas. They con-
sist of deposits of peat and muck, and sometimes also in-
clude or overlie sand and gravel deposits.

Outwash: Outwash is composed mainly of stratified deposits
of sand and gravel, although scattered lenses of silt and
clay may also be present. These are deposits which have
been carried by braided streams or sheet runoff of meltwater
issuing from the glacier front. Outwash plains are gener-
ally flat or gently sloping areas. Because of the sorting
of the material as it is carried by the meltwater, the
deposits are usually fairly permeable, and often are the
most productive of the glacial aquifers.

Bedrock Aquifers

Trenton and Black River Limestones: Thin, irregular beds of
gray to buff limestone and dolomite, including some inter-~
bedded shale and shaly limestone and dolomite. This unit is
of Ordovician age and contains water in interconnected open-
ings along bedding planes and fractures. Many of these
openings have been enlarged by solution. Near-surface zones
of the Trenton and Black River Limestones ace sometimes
subject to contamination from surface pollution sources.
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Undifferentiated Dolomites, Limestones, and Sandstones of

late Cambrian to early Ordovician age: These rocks consist
of beds of limestone and dolomite, sandstone, sandy and
shaly dolomite, and dolomitic sandstone. Both the limestone
and sandstone beds yield water to wells.

Munising Sandstone: The Munising Sandstone is of Cambrian
age, and 1s a fine, medium, and coarse-grained white, buff,
and gray sandstone. The Munising contains some lenses of
silt and shale and some conglomerate at the base.

Jacobsville Sandstone: This medium-grained quartz sandstone
is of Cambrian or possibly Precambrian age, and is generally
light red to brown in color, sometimes mottled and streaked
with white and sometimes containing beds of fine~grained
sandstone, shale, and conglomerate. The Jacobsville Sand-
stone is one of the most important bedrock aquifers in the
area and, where glacial drift is thin or absent, may be an
important source of water in some locations.

Precambrian Rocks: These are igneous, metamorphic, and
sedimentary rocks which generally underlie the younger
Paleozoic limestones and sandstones, and the glacial de-
posits. They generally have low porosity and permeabili-
ties, and are consequently not important aquifers. Better
yields can usually be obtained from the younger consolidated
and unconsolidated aquifers which overlie the Precambrian
rocks.

Ground Water Conditions in the Various Counties

Because the main source of ground water data is a series of
reports, each dealing with the ground water resources of a
particular county, the county-by-county approach has been
used in discussing the ground water resources cf the Study
Area.

Terms which are used in the discussion are defined as follows:

Water hardness scale:

soft less than 60 mg/l hardness expressed as
CaCo3

moderately hard 60 to 120

hard 120 to 200

very hard over 200

Well yield scale:

small yields 1 to 10 gpm
moderate yields 10 to 100
large yields over 100

10
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When the term "objectionable" or "excess" iron is used, it
generally means iron concentrations greater than 0.3 mg/1l.
This is the limit suggested by the U. S. Public Health
Service, and larger concentrations cause staining of laundry,
sinks, and utensils, in addition to causing unpleasant taste
and promoting the growth of iron bacteria.

Alger County

Only a narrow strip along the western edge of the County is
within the Study Area. Surficial deposits within the north-
ern third of this strip consist of glacial lake deposits which
generally form only a thin veneer over high points in the
underlying bedrock. Thicker deposits may be found locally
where valleys or depressions exist in the bedrock surface.
These lake deposits are generally well sorted, permeable sand.
They form fairly important local sources of water where pre-
sent in sufficient thickness, with yields of 10 to 20 gpm
obtainable from properly constructed wells,

The surficial deposits mantling the southern two-thirds of
the strip within the Study Area form a gently undulating
till plain. The glacial drift deposits beneath this plain
are generally quite thin, and the underlying bedrock is
exposed along some road cuts as well as along the bottoms of’
many of the streams. This till plain consists of a poorly
sorted mixture of sand, silt, clay, and rock. Because the
till is thin and has generally low permeabilities, it is not
an important source of water.

Directly underlying the till in this southern portion of the
strip are the Trenton and Black River Limestone Formations.
These rocks are the principal source of water in this part
of the County. Water is found along joints, fractures, and
bedding planes, especially where these openings have been
enlarged by solution. Because the glacial drift deposits
are thin, many of the wells which take water £from the Tren-
ton and Black River Limestones are less than 50' deep, and
most are less than 100' deep. These formations yield small
supplies of water for domestic and farm use, and locally can
yield up to 20 gpm, particularly if wells are located near
streams so that recharge from the stream can take place. The
Trenton and Black River Formations produce water which is
hard to very hard, and some wells also produce water con-
taining excessive iron. The principal quality problem, how-
ever, is bacterial rather than chemical. These formations
generally lie at a shallow depth so that there is little
opportunity for filtration of organic pollutants which may
originate from surface or near-surface sources such as
barnyard waste and septic tank effluents. The relatively

11l




large fissures in the limestone are not able to provide the
same type of filtering action which normally occurs as bac-
terially contaminated water moves through appreciable thick-
ness of granular materials such as sand and gravel. The
thickness of the Trenton and Black River limestones ranges
from a few feet at the north edge (approximately at Township
45 North) to over 200' in the southwestern corner of the
County.

In the west~central part of the County, sandstones and dolo-
mite of Cambrian and Ordovician age are the main source of
water. The sandstone beds in the Cambro-Ordovician sequence
tend to be thinner or are absent in the westexrn part of the
County, and most of the wells tapping these rocks take water
from crevices and solution openings in the beds of dolomite,
with yields of up to 50 gpm in some areas. The dolomites
and sandstones are probably from 150' to 200' thick and pro-
duce water of good guality. The water from the dolomite por-
tion of the sequence tends to be harder than that from the
sandstone, although both the dolomite and the sandstone pro-
duce water which is softer than that from the overlying
Trenton and Black River limestones and harder than that

from the underlying Munising sandstone, which is of Cambrian
age. This unit varies from 50' (southern Alger County) to
200' in thickness at its northern edge (approximately T46N).
This formation consists of well sorted and weakly cemented
sands of moderate permeability. The Munising sandstone has
not been extensively developed as a source of ground water,
although small to moderate yields would be possible from
this unit.

In the northwestern part of the County, the Jacobsville sand-
stone of Cambrian to Precambrian age lies at shallow depth
beneath the glacial lake deposits previously discussed, and
is the principal aquifer in the area. Because the Jacobs-
ville is a well cemented sandstone, its primary permeability
is low; however, it has a fairly high secondary permeability
due to openings along joints, fractures, and bedding planes.
The Jacobsville attains thicknesses as great as 1,000' along
the Lake Superior shoreline at the north edge of Alger County,
although it becomes thinner to the south, and disappears
entirely in southern Alger County. Most of the wells tapping
the Jacobsville are less than 100' deep. The Jacobsville
sandstone produces water which is generally moderately hard
to hard, and in some areas it contains objectionable amounts
of iron, although the excessive iron is satisfactorily reduced
to acceptable levels by commonly used treatment methods.

Some of the deeper wells in the Jacobsville produce watexr

12




having a high chloride content, so that it is generally advis-
able in western Alger County to complete wells in the Jacobs-
ville at as shallow a depth as is practical.

It is likely that detailed investigations would be required
to develop water supply systems producing more than 50 gpm in
Alger County.

Delta County

The only portion of Delta County which falls within the Study
Area is the extreme northwest corner. The surficial de-
posits in this part of the County consist mainly of fairly
thin till plain deposits consisting of poorly sorted clayey
material which generally has a low permeability. Consequently
the only important aquifers in the area of interest are the
bedrock aquifers lying beneath the thin mantle of glacial
drift.

The main source of water in western Delta County is the
Trenton and Black River limestones, and moderate amounts of
water are available from these bedrock aquifers. The water
is of the calcium-magnesium-bicarbonate type and is hard. 1In
some areas, the Trenton and Black River Formations produce
water which has a high chloride conten!.. The thickness of
these limestones varies from 150' to 300'. The specific
capacity of wells tapping these limestones is generally low,
and large yields are generally not obtainable from them.

Lying beneath the Trenton and Black River limestones but
above the Precambrian rocks are the Munising sandstone and
the Au Train Formation, a potential water source which may
be treated as a single aquifer. The Munising sandstone,
which ranges from 50' to 200' in thickness, is cemented with
silica and is overlain by the Au Train Formation, a 300'
thick sequence of thin to medium-bedded sandy dolomite and
dolomitic sandstone containing lenses of quartz sand. Al-
though the sandstone beds yield the majority of the water
from the Munising and the Au Train, some water is also
obtained from fractures-:and solution openings in the dolo-
mite beds of the Au Train Formation. Some of the wells
tapping the sandstone flow at the surface due to artesian
pressure, and yields as great as 250 gpm have been reported.
The Munising sandstone produces a calcium-magnesium-bicar-
bonate water which is generally of good quality. The Au
Train Formation yields a similar type of wateir, although
water from the more dolomitic parts of the Au Train Forma-
tion tends to be somewhat harder.
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In general, development of ground water resources in Delta
County will involve problems of water quality rather than
problems in location of adequate quantities of water. Wells
tapping both the Trenton and Black River limestones, and

the underlying Munising and Au Train Formations have rela-
tively high yields.

Menominee County

The Northwestern third of Menominee County lies within the
Study Area. The surficial deposits in most of this north-
westexrn part of the County consist of till plains, drumlins
(low, smoothly rounded, elongated and oval hills whose long
axis parallels the direction of movement of the glacier),
and shallow outwash deposits. These surficial depcsits are
a mixture of clay, silt, sand, and gravel, generally less
than 40' thick, but as much as 100' thick beneath some of
the larger drumlins. The glacial deposits in the northern
part of the County tend to be more sandy than those in cen-
tral and southern Menominee County, and properly constructed
wells may yield as much as 50 gpm from these deposits in
some places.

Portions of the western edge of the County are underlain

by moraine, which tends to be thicker and sandier than the
glacial deposits in the central part of the County, and
locally includes thick and extensive beds of sand and gravel.
Properly constructed, large (8"-12") diameter wells yield

100 to 200 gpm from these deposits, which are potentially

an important source of water.

Although significant yields are possible from wells tapping
the glacial deposits, most wells obtain their water from

the underlying bedrock aquifers. The uppermost bedrock units
in much of the western part of the County are limestone and
dolomite, sandy and shaly dolomite, and dolomitic sandstone.
The sandstone beds are thicker and more extensive in the
northern part of the County, and range in thickness from 0 to
300', Wells tapping these aquifers are from 30' to 200
deep, average 70' to 80', and are mostly less than 100' in
depth. The wells tapping these limestones and sandstones
generally obtain yields of only 5 to 10 gpm; however, some
wells may produce as niuch as 50 gpm. Water from this unit

is generally of good quality, although it is hard, and in
some areas contains objectionable amounts of iron. Both

the hardness and excessive iron are amenable to treatment.
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Lying beneath the Cambro-Ordovician limestones and sand-
stones are sandstones of Cambrian age. This unit consists
of pink, gray, and white sandstone. The thickness varies
from 200' in the southern part to 50' in

northern part of Menominee County. Because these sandstones are

overlain in most areas by shallower and more accessible
aquifers (e.g., Cambro-Ordovician limestones and sandstones
and glacial deposits), they are not generally very impor-
tant for small domestic supplies of 5 to 10 gpm. They have
considerable potential for moderate to large supplies, how-
ever, and properly constructed wells which were deep enough
to tap the Cambrian sandstone could yield as much as 100 to
200 gpm. Wells presently tapping this sandstone for muni-
cipal or industrial use are about 400 or more feet deep.
The quality of the water from this sandstone is generally
good, low in iron content, and of moderate hardness.

The lowermost bedrock unit consists of rocks of Precambrian
age, such as granite, schist, marble, and iron formations.
The Precambrian rocks crop out in a narrow band along the
west edge of the County. The Precambrian rocks are not
important aquifers except in local areas in western Menominee
County, where the glacial drift is thin or absent. In such
areas, the Precambrian rocks yield small supplies of water
from fractured and broken zones. Little is known about the
chemical quality of water from the Precambrian rocks because
so few wells tap this unit. One sample obtained from a

well located at the west edge of the County was of good
quality, with a total dissolved solids content of 315 ppm
and a hardness of only 76 ppm.

In Menominee County, the natural ground water discharge

from aquifers (spring flow) far exceeds present ground water
pumpage so that there is a good potential for development

of ground water resources in the County.

Marquette County

The economy of Marquette County is geared to the iron ore
industry, and because of the water requirements in ore
beneficiation processes, fairly heavy demands are made upon
the water resources of the area. Almost all of this County
lies within the Study Area.

The aquifers consist of bedrock, overlying glacial drift
and alluvium. The bedrock is primarily of Precambrian age,
although there are some areas of Cambrian sandstone in the
eastern and southeastern part of the County. The glacial
deposits consist of relatively thin till deposits overlying
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the bedrock and also areas of fairly thick outwash deposits
(up to 250' thick). The yields from Precambrian bedrock
tend to be low, as these rocks generally have low porosity
and permeability. The water supply potential of the glacial
drift aquifers is related to both their composition and
thickness. The best sources for ground water development
are thick glacial outwash and alluvial deposits, while the
least favorable areas are those in which Precambrian bedrock
is overlain by only a thin mantle of glacial drift.

In the area southeast of Goose Lake, there is a fairly exten-
sive outwash deposit consisting mainly of sand. Knobs of
bedrock exposed in the outwash plain indicate a very irregular
bedrock surface lying beneath the outwash deposits. However,
the outwash material attains a thickness of as much as 240

in some areas. The depths to water in this material range
from less than 5' to about 150'.

A pumping test conducted with a flowrate of 310 gpm and a
duration of 15 hours in the outwash material indicated a
coefficient of transmissibility of 130,000 gallons/day/foot
and a storage coefficient of 0.16. The coefficient of
transmissibility is an indication of the ability of the
aquifer to transmit water, and values in excess of about
10,000 gpd/ft. generally indicate that wells will be able
to supply municipal or industrial use. The storage coeffi-
cient gives an indication of the capacity of the aquifer

to store water and generally ranges from about 0.01 to 0.35
for water table aquifers such as the glacial drift materials.

In the Humboldt area east of Lake Michigamme, the outwash has
a saturated thickness of as much as 100', and pumping tests

in this area indicate that the coefficient of transmissibility
ranges from 7,000 to 20,000 gpd/ft. and averages about 12,000
gpd/ft.

Another area of extensive outwash deposits is in the West
Branch Creek area east of Republic. The outwash in this area
attains thicknesses of up to 160', and depths to water range
from less than 10' to nearly 60' in this material. The co-
efficient of transmissibility in this area ranges from about
10,000 to 30,000 gpd/ft. Many stream valleys in this area
contain deposits of outwash and alluvium which might provide
moderate supplies of water. In the outwash and alluvial
deposits, the total dissolved solids generally range from
about 25 to 260 ppm,

In USGS Water Supply Paper 1842 by Wiitala, et al. (1967),

results of chemical analyses of ground water from the Mar-
qutte~Iron Range area are presented, which indicate that the
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outwash or alluvium produces soft to moderately hard water,
with ncarly one-half of the wells tapping these deposits
having soft water (60 ppm or less). The most objectionable
constituent of water from wells in the area covered by the
report was iron. Of 37 samples analyzed for iron, more than
half exceeded the recommended limit of 0.3 ppm, and about
one-third had in excess of 1 ppm of iron. ¥hen the iron
concentration is as great as 1 ppm, there is a possibility
of precipitate formation and clogging of pipes. The maxi-
mum iron concentration found in waters from the outwash
materials in the Iron Range area was 8.1 ppm.

Although detailed information on the water supply character-
istics of the Cambrian sandstones which overlie the Precam-
brian rocks in the eastern part of the Marquette-Iron Range
area was not given in Water Supply Paper 1842, it is prob-
able that these sandstones would produce small to moderate
yields from fractures and other openings.

Because the majority of Marquette County is underlain by
dense Precambrian bedrock, the overlying glacial deposit
aquifers are the most important sources of ground water,
and the most promising areas are those where fairly exten-
sive and thick outwash and alluvial deposits are found.

Dickinson County

Dickinson County lies completely within the Study Area,

and the bedrock under most of the County is made up of
igneous and metamorphic rocks of Precambrian age. Along

the east edge of the County, the Precambrian rocks are over-
lain by sandstones of Cambrian age and sandy dolomites and
dolomitic sandstones of Cambrian and Ordovician age.

Large diameter wells penetrating over 50' into these Cambro-
Ordovician rocks may yield up to 50 gpm. If satisfactory
yields are not obtained, wells may be deepened to pene-
trate the underlying Cambrian sandstones. In the Cambrian
sandstones, large diameter wells which penetrate over 50°'
into the sandstone may yield as much as 100 gpm. The thick-
ness of these Cambrian and Cambro-Ordovician deposits ranges
from perhaps 100' at the east edge of the County to zero

at approximately the west edge of Range 27 West.

In areas further west where the bedrock is of Precambrian
age and crops out at the surface or has only a thin covering
of glacial deposit, the potential for development of high
capacity wells is poor. Although specific capacities of

as much as 5 gpm/ft. of drawdown have been reported in wells
tapping the Precambrian, most wells have a specific capa-
city of less than 1 gpm/ft. In the areas where the Precam-
brian bedrock crops out or lies at a shallow depth, the most
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promising areas for wells are generally in the valleys where
there is more likely to be somewhat thicker glacial deposits
and more extensively weathered zones in the bedrock. If
more than 20' of permeable glacial deposit overlying the
bedrock is present, domestic supplies of a few gpm may be
developad, and a few wells may yield more than 10 gpm.
Because joints and fractures in the Precambrian bedrock tend
to become smaller and less extensive with depth, it is
generally futile to drill more than about 100' into bedrock.

In other areas of the County where thicker outwash deposits
of sand and gravel overlie the Precambrian bedrock, wells
over 12" in diameter may produce yields in excess of 100
gpm. The best sites for wells in outwash deposits are in
valleys, on low terraces, or along streams where the poten-
tial for recharge is good.

Another surficial deposit found in Dickinson County is that
of sandy till with pockets of sand and gravel. Although
large diameter wells tapping sandy till along streams or
near lakes may vield as much as 100 gpm, there is a possi-
bility that yields may decline with time, since these aqui-
fers are generally of small areal extent.

Glacial till deposits composed of unsorted and unstratified
mixtures of sand, silt, clay, and stones will generally have
only small yields, and only a few wells will yield more than
10 gpm. This material is often relatively impermeable, and
dug wells having large infiltration areas and large storage
capacities are sometimes more successful than smaller dia-
meter drilled or driven wells.

Another category of surficial deposit found in Dickinson
County is swamp deposits. These deposits include peat and
muck, and are generally confined to flat lowland areas
alongside streams, lakes, or former lakes. Because these
deposits sometimes overlie thick deposits of sand and
gravel, large diameter wells may yield 100 gpm.

Ground water in Dickinson County is generally hard to very
hard (150 to 250 ppm with a few wells and springs more than
300 ppm). The iron content of both glacial deposit and
bedrock wells is quite variable, and ranges from less than
0.1 ppm to more than 4 ppm. Both hardness and excessive
iron are amenable to treatment, and the quality of ground
water in the County is otherwise generally suitable for
household and most other uses.

18
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In summary, the glacial deposits are the major source of
ground water in Dickinson County, but the physical proper-
ties of these materials vary widely, and they exhibit
specific capacities ranging from less than 1 to mcre than
300 gpm/ft. of drawdown. Because the surface of the under-
lying bedrock is highly irregular (especially within areas
of Precambrian rock), the glacial deposits also vary in
thickness from 1l' to more than 150'. Wells in the County
range from 1%" to 60" in disameter and from 12' to mor= than
350" in depth, but most of the wells are 5" to 6" in dia-
meter and 25' to 100' deep. The most favorable areas for
large-scale ground water development are in sand and gravel
deposits along major streams, while the least favorable
areas are those in which Precambrian rocks crop out or are
covered by only a thin mantling of glacial deposits.

Baraga County

Baraga County lies almost entirely within the Study Area.
Water is obtained from both bedrock and glacial deposit
aquifers. The glacial deposit aquifers are generally

more productive, with yields ranging from 5 to 115 gpm and
averaging about 30 gpm. Wells in the glacial deposits are
generally less than 100' deep. The yield from the bedrock
ranges from 1.5 to 50 gpm, with an average value of about
10 gpm.

In the northwest part of the County, most wells take their
water from the Jacobsville sandstone bedrock and are from
100' to 500' deep. These wells generally penetrate 50 to
250 feet of sandstone. Wells deeper than about 200 feet
may contain as much as 500 mg/l of chloride. The wells
drilled in glacial deposits are shallower--perhaps no
more than about 200' deep.

On the Abbaye Peninsula, both bedrock and glacial deposit
wells are 100' to 200' deep, and may produce water having
a high iron content. In northeastern Baraga County, a

few wells obtain good quality water from glacial deposits
although bedrock wells may produce water having a high
chloride content. In the central portion of the County,
there is very limited ground water development. Most
household wells are in glacial deposits and are generally
less than 100' deep. There are also some springs that
yield water from glacial deposits. The wells tapping bed-
rock in this area are generally less than 100' deep and
have only limited yields. In the south-central part of
the County, conditions for ground water development appear
to be unfavorable and very limited development has taken
place.
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In the Three Lakes resort area, most wells are less than
100' deep, and obtain water from the glacial deposits.
Iron concentrations of over 5 mg/l are common in glacial
deposit wells, although bedrock wells tend to produce
water having a lower iron content.

There is a wide variation in water quality throughout the
County. Shallow wells tapping the glacial materials tend
to produce water having a low pH (acidic water). Most of
the glacial deposit wells and a few of the bedrock wells
have significant amounts of iron in their water, although
iron content varies with well location.

Iron County

The eastern two-thirds of Iron County lies within the Study
Area, and is underlain by hard and dense metamorphic and
igneous Precambrian bedrock mantled by various types of
glacial deposits. The wells tapping bedrock generally have
low yields, with some wells yielding only about 1 gpm.
Because fractures in the bedrock tend to become smaller and
less numerous with depth, few wells are drilled more than
100' into the bedrock. The specific capacity of most

wells drawing water from the bedrock is less than 1 gpm/ft.
of drawdown. Most of the bedrock wells tend to have low
iron content, although perhaps one-third of the wells have
iron concentrations in excess of 0.3 ppm. The Precambrian
rocks tend to yield mcderately hard to hard water, and
Doonan and Hendrickson (1967) state in their report that
none of the samples tested from wells in the Precambrian
were less than 60 ppm hardness.

Springs are not numerous in iron County, and are found
mainly in areas of moraines or till plain deposits. These
springs typically yield only about 1 gpm, although springs
emerging from outwash deposits near streams have been
known to yield as much as 30 gpm.

Since bedrock within Iron County consists almost entirely
of dense Precambrian rocks, the overlying glacial deposit
which covers more than 90% of the area is the most impor-
tant source of ground water. A variety of surficial de-
posits are present in the County.

Moraines are ice-deposited features formed along the edge
of retreating glaciers and consist primarily of unsorted
sand, gravel, silt, and clay, with occasional lenses of
sand and gravel. Most of the wells tapping the morainal
deposits are 5" to 6" in diameter and are generally less
than 100' deep. They normally yield enough water for
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domestic supplies, although specific capacities of most
wells are less than 1 gpm/ft. of drawdown. The depth to
% water in the moraine deposits ranges from 3' near streams
or lakes to as much as 133' in wells located on hilltops.
Water from the moraines is generally hard, with perhaps

: 75% of the wells falling in the moderately hard to hard

1 category. The water also tends to have fairly high iron
/ concentrations, with perhaps only about one-third of the
g wells having less than the recommended limit of 0.3 ppm.

Till plain deposits are another source of ground water and
have small to moderate yields. Localized areas can some-
times be found which contain lenses and pockets of sand
and gravel, in which case larger yields may be obtainable.
Depth to water in wells tapping the till plain deposits
ranges from about 9' in low-lying areas to about 100' or
more on the hilltops. Most of the wells tend to have a
specific capacity of more than 1 gpm/ft. of drawdown, al-
though specific capacity values in this material may range
from less than 0.1 to more than 30 gpm/ft. The till plain
wells generally produce rather hard water, with more than
half in the moderately hard to hard class and about one-
fourth in the very hard class. The iroa content tends to
be low, with most wells producing water having less than
0.3 ppm iron concentration.

The outwash plains, although of limited areal extent, are
the most favorable areas for obtaining large supplies of
ground water. Large diameter wells located along stream
valleys produce enough water for municipal or industrial
supplies, and yields of several hundred gpm are possible in
some areas. Most of the high production wells in the County

\ are near major streams, and it is probable that many of
these wells are obtaining recharge from the streams. The

‘ specific capacities in the wells tapping the outwash de-
posits range from 0.1 to 28 gpm/ft. of drawdown, and depth
to water in areas along streams is generally low, the water
is mostly moderately hard to hard, and some of the water
from these wells is very hard.

There are also some areas of swamp deposits in Iron County. ‘
In places along stream valleys where these fine-grained

deposits are underlain by coarse sand and gravel, large

municipal or industrial water supplies could be developed.

In general, the total dissolved solids content of ground
water in Iron County is probably less than about 500 ppm.
Much of the water tends to be moderately hard to hard, so
that softening is often necessary or desirable. About
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half the wells produce water having excessive (more than 0.3
ppm) iron, and iron removal is desirable. Some bacterial
contamination from septic tank effluent may be present in
some shallow aquifers in the southern part of the County.
However, the water quality is generally satisfactory for
most uses, and the iron and hardness problems can usually be
solved by standard treatment methods.

To summarize, the main source of ground water in the County
is the glacial deposits overlying the dense Precambrian
bedrock. The most favorable areas for large-scale ground
water development are outwash deposits located along major
streams, while the least favorable areas are those in which
bedrock crops out or has only a thin covering of glacial
material. The most favorable areas for ground water devel-
opment are in stream valleys or other low areas, although
the thickness and composition of the glacial deposits pre-
sent must be considered in addition to the topographic
situation,

Houghton County

Only a very small part of east-central Houghton County lies
within the Study Area. In this area, wells yielding up to
about 50 gpm may be developed from the Jacobsville sandstone
at depths ranging to about 500'., Water from depths of
greater than 200' may be high in chloride.

Small yields may be expected from glacial deposits at depths
probably less than 100', The largest yields from surficial
deposits can probably be expected from the alluvial deposits
in the Sturgeon River valley. This Sturgeon River, which
originates in Baraga County and flows generally west and
then north before terminating in Portage Lake below Houghton
City, is not to be confused with the Sturgeon River tchat
originates near the Town of Sagola in Dickinson County and
flows generally east and south through the Sturgeon River
State Forest before emptying into the Menominee River below
the Town of Vulcan.
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RELATIONSHIP TO OTHER DATA

Depth to Water

Depth to water within the Study Area could prove to be of
considerable importance in several respects. For construc-
tion operations involving large excavations, the depth to
water could be of significance in the dewatering of exca-
vation. Areas where water is near the surface could prove
to be more difficult to dewater. Dewatering operations
during construction excavation could conceivably cause a
general lowering of the water table in the vicinity of any
construction areas where large amounts of dewatering proved
to be necessary. In some areas where mine dewatering has
caused long-~term lowering of the water table, flooding

of basements has occurred due to rising water tables fol~
lowing cessation of pumping. A conceivable effect of a
general lowering of the water table during construction
would be a temporary decrease or perhaps even cessation in
the yields of water wells located close to areas where
large-scale dewatering operations were taking place.
Large-scale ground water extractions carried out over a
long period of time could conceivably cause some compac-
tion of granular glacial deposits, with resulting land
subsidence.

Quality of Water

The quality of ground water and the amounts and types of
dissolved materials in the water could have several effects.
Various factors operate to affect the quality of the ground
water. Lithology is one important factor, and in the

Study Area, the rock types present have a definite effect
on the dissolved materials found in the ground water.

Waters of the Study Area tend to be rich in calcium, mag-
nesium, and bicarbonate because many of the rocks (particu-
larly limestones) are rich in these materials and as water
moves through the rocks, it becomes a calcium-magnesium-
bicarbonate type water having a high degree of hardness.
The fact that the waters of this region are very hard is
significant. If the water is to be used for water supply
purposes, it would cause the formation of scale in piping,
water heaters, or other equipment through which the water
passes. The water will probably require some treatment

to remove the hardness before it will be suitable for use
in many types of equipment.
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In connection with hardness problems, it should be mentioned
that a high concentration of total dissolved solids and/or
high values of specific conductance in the water may mean it
will have corrosive properties, and this is particularly
true if chloride is present in appreciable quantities. A
corrosive water could conceivably cause problems with buried
metallic elements if they are not adequately protected.

This should not be a problem in the Study Area, since elec-~
trical conductance values of the ground water are not exces-
sive~--generally less than 800 microhms, while TDS values are
usually below 500 ppm.

In addition to lithology, another factor affecting ground
water quality is the rock-water contact time. If the water
moves slowly through the rocks and is in contact with the
rocks for long periods of time, then there is more oppor-
tunity for the water to dissolve material from the rocks
through which it is passing. Intensity and type of land use
can affect ground water guality, and excessive amounts of
nitrate, phosphate, sulfate, and chloride may be indicative
of pollution problems. In the Study Area, there is some
indication of bacterial contamination of shallow aquifers,
particularly limestones, due to surface pollution sources,
but this problem is not widespread or serious.

If disposal of significant quantities of waste waters
through the use of septic tanks and leach fields is re-
quired, degradation in ground water could occur. There is
some evidence of water quality degradation in shallow aqui-
fers due to septic tank effluent in scme of the more highly
populated parts of southern Iron County.

Several important constituents of the water in wells were
examined, and excess gquantities are shown by a coding system
on the data map. As previously mentioned, high total dis-
solved solids content or specific conductance may imply that
the water will cause corrosion problems. Also, the total
dissolved solids content is a good general indication of the
overall suitability of the water for a variety of uses; and
waters having a high TDS may contain dissolved minerals
causing the water to have a disagreeable taste or to be
unsuitable in some other respect. In the Study Area, there
are very few wells having a TDS concentration in excess of
1,000 mg/l, and many of the wells have values of less than
500 mg/l, so that high TDS values are generally not a problem.

Calcium and magnesium can be dissolved from practically all
soils and rocks, but particularly limestone and dolomite,
which are abundant in portions of the area. Calcium and
magnesium are the cause of most of the hardness and scale-
forming properties in water, and it may prove desirable or
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necessary to treat water which is excessively hard before it
will be suitable for many uses to prevent scale formation in
piping and other equipment. Sodium and potassium are also
dissolved from almost all rocks and soils, and large amounts,
in combination with chloride ion will cause the water to
have a salty taste.

High bicarbonate levels in ground water can be caused by the
action of dissolved carbon dioxide in water which is passing
through carbonate-rich rocks such as limestones or dolo-
mites. The diluted carbonic acid formed by the reaction of
carbon dioxide and water dissolves the carbonate rocks, and
a hard water, rich in calcium and magnesium bicarbonates is
the result. The hard water will cause undersirable scale
formation in piping and other equipment if it is not treated
prior to use. Sulfate in ground water can be dissolved from
rocks and soils which contain gypsum, iron sulfides, or
other sulfur compounds. If calcium or magnesium are also
present, the resulting calcium or magnesium sulfate may be
one of the sources of hardness in the water. If sulfate is
present in large amounts, it may impart a bitter taste to
the water.

Because there are iron-bearing formations in parts of the
Study Area, many of the wells produce water which has iron
concentrations in excess of the recommended limit of 0.3
mg/l. As the ground water percolates through these iron-rich
materials, iron is dissolved so that the ground water often
contains significant quantities of iron. When this iron-
rich ground water is pumped to the surface and exposed to
the air, the iron oxidizes and produces a reddish brown
sediment which causes staining problems in laundry, uten-
sils, sinks, or other equipment in contact with the water.
Iron-rich water may also have an unpleasant taste and will
favor the growth of certain bacteria which utilize iron as
part of their metabolism. These bacteria can form growths
large enough to cause clogging of pipes, well screens, etc.,
so it is desirable to remove excessive iron to avoid these
problems. Although many of the wells in the Study Area
produce iron-rich water, standard treatment systems are
generally effective in removing iron.

Chloride is dissolved from rocks and soils but is also
present in sewage, and large amounts of chloride ions may
be indicative of pollution problems. Large amounts of
chloride will also increase the corrosiveness of water, and
may give the water a disagreeable salty taste, especially
if soidum is also present.
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Nitrate in water may be caused by decaying organic matter,
sewage, fertilizer, and nitrates in soil. It is not norm-
ally an important natural constituent of ground water, how-
ever, and high nitrate concentrations should be viewed as

an indicator and a warning that pollution may be taking
place, and that there is a possibility that harmful bacteria
are present. Nitrate also encourages the growth of algae
and other organisms which produce undesirable tastes and
odors.

Aquifer Properties and Yields

One aquifer property of considerable importance is trans-
missibility, which is an indication of its ability to trans-
mit water.

Although no values of transmissibility were available for
the bedrock aquifers of the Study Area, it is probable that
values in the Precambrian rocks are low. Some of the Paleo-
zoic rocks bhordering the Precambrian, however, probably have
fairly high transmissibility values. Some of the glacial
drift materials have high values of transmissibility, and
pumping tests conducted in the Iron Range area of Marquette
County indicated that glacial deposits in this area have
transmissibility values ranging from 3,000 to as much as
150,000 gallons per day per foot (gpd/ft). Transmissibility
is an important parameter in connection with such consider-
ations as developing a ground water supply (high value of
transmissibility desirable) or dewatering operations during
construction (low value desirable).

Another important property of the aquifer is its porosity.
The porosity is an indication of the void space within the
aquifer and is an index of the aquifer's ability to store
water. Although no porosity figures are given for the vari-
ous aquifer units, it is probable that the Precambrian rocks
have significantly lower porosity values than some of the
younger Paleozoic rocks which border the Precambrian. The
glacial drift materials which overlie both the Precambrian
and Paleczoic bedrock in most of the Study Area generally
have a higher porosity than the relatively dense Precam-
brian rocks. ligh porosity values and consequent large
water storage potential would obviously be desirable from
the viewpoint of developing a water supply, and undesirable
when considering potential dewatering requirements.

Another property which is important is the specific capac-
ity. This is an indication of the ability of the aquifer

to supply water to a well, and large values would be de-
sirable from a water-supply development viewpoint and un-
desirable from a dewatering viewpoint. Specific capacities
in the Precambrian rocks are low, usually less than 1 gpm/ft.

26




Well yield data and specific capacity data are available on
a fairly large number of wells in the Study Area. These
data are tabulated in Appendix B. As can be seen from these
data, while the dense Precambrian rocks generally have low
yields and low specific capacities, the younger rocks such
as the Paleozoic limestones and sandstones can have fairly
high yields and specific capacities. In general, the high-
est yields and specific capacities are found in the glacial
drift material, where yields can be several hundred gpm and
specific capacity values of up to 70 gpm/ft.

The well yields from the Precambrian rocks are generally
low, often less than 10 gpm. The most favorable areas for
ground water development in the areas where Precambrian
rocks are at, or near, the surface are generally the valleys
where the bedrock may be more weathered and greater thick-
nesses of glacial overburden may be present. The Paleozoic
sandstones and limestones generally have small to moderate
yields, although yields from these rocks can be 200 to 300
gpm in some areas. Some of the glacial deposits, particu-
larly outwash sands and gravels along major streams, can
have high yields--as much as several hundred gpm.
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VALIDITY

General Procedures

A bibliography of water-oriented data sources was compiled
at the Michigan Technological University in Houghton, and
was later expanded at the U. S. Geological Survey Library
in Menlo Park, California, and the Stanford University
Libraries. As publications were researched, additional
data sources were found which were then added to the 1list,

A review of the data sources was made, and copies of valu-
able information were obtained. Visits were made and discus-
sions were held with various individuals from universities,
private companies, and both State and local government agen-
cies in Michigan. A great deal of valuable information was
obtained during these visits and discussions.

Pertinent information was abstracted from the various data
sources and was synthesized into the drawings, tables, and

text dealing with the subsurface water hydrology of the Study
Area.

Data Sources

The primary source of data for ground water information in
the Study Area was a series of reports, each usually deal-
ing with a single county, which were done jointly by the
USGS and the Geological Survey Division of the Michigan
Department of Natural Resources. Reports were available
for all eight counties of interest, although in the case of
Marquette County, work is in progress, and the report has
not yet been published. In Marquette County, the unpub-
lished information was supplemented by USGS Water Supply
Paper 1842, published in 1967. This report deals with
both the surface water and ground water resources of the
Marquette-Iron Range area in Marquette County. The County
ground water reports are all fairly recent, the earliest
(Delta County) being published in 1960.

These reports generally discussed items such as the bedrock
and surficial geology and how they were related to the
quantity and quality of ground water available. The vari-
ous bedrock and glacial aquifers were described and discus-
sed. Information on representative wells and springs was
included, and in most cases, tabular data dealt with items
of information such as well diameters, depths to water,
depth of well, aquifer tapped, etc. Water quality data
were also generally available, and some information on well
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yields and specific capacities was usually available in
these reports. In general, the county reports gave a
good summary of ground water conditions in the area.

Data Reliability/Limitations

The county ground water reports utilized as the major
source of information for this study are considered to be
generally up to date and reliable. These reports were
usually based upon geologic data and records of water wells
from the files of the Michigan Geological Survey, the

U. S. Geological Survey, and from private well drilling
companies. This information was supplemented by field in-
ventory of selected wells and reconnaissance mapping of
surficial formations in the field. All of the data were
then used in the preparation of the county reports.

Although these reports de net cive data on all wells existing
in the various counties, discussions with USGS officials in
Escanaba, Michigan, revealed that the reports typically in-
clude tabular data on approximately one-half of the well
records on file at the time the report was written. The data
selected for inclusion in each report were carefully ex-
amined to give a representative and accurate picture of
ground water conditions and resources in the county. Because
these reports did not include all data on file, and because
additional wells have been drilled since the reports were
published, there was some concern about whether the county
reports needed to be supplemented by additional information
on file with the USGS. This question was brought up in
discussions with the Escanaba office of the USGS, and it was
decided that the county ground water reports gave an accur-
ate picture suitable for the present study and that the
reports need not be supplemented.

With respect to locational reliability of the wells, the

well location and identification system used in Michigan

has been previously discussed, and this system allows the
location of wells to within a 40 acre area, and measuring

1/4 mile by 1/4 mile on the ground. With respect to chem-
ical analyses, the laboratory analyses are considered to

be very accurate. In some instances, analyses have been
performed in the field using a portable analysis kit, and

the results are probably accurate to within +10% to +30%,
depending upon the concentration and type of constituent
being analyzed. Although five important cations and four
important anions are included in the "excess ion" symbol

shown on the map, it should be realized that in some cases,
concentrations of some of these important ions have not been
determined in the water analysis, so this represents a limita-
tion on some of the water quality data appearing in the county
ground water reports.
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RECORDS OF WELLS IN STUDY AREA
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ALGER COUNTY

WELL RECORDS
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Records of vells and test boles {n Alger County

Aquifer: €3, Jacobaville Sandstone; €w, Munising Sandstone; OCu, rocks of Ordovicisn and Cembrien ege, undifferentiated; Obr,
Black River Linestone; Ot, Trenton Limestooe; Qgd, glecial drift, undifferentiated; Qs, glacial eand; Qg, glacisl gravel;

Qeg, glacial send and gravel,
Use: D, domestic; I, induetrial; N, not used; O, observation well; P, pudlic supply; T, test vell,
Depth to Water:

In feet belov land surface; N, measured; R, reported,

Altitude: In feet above mean ses level, estimated from U, S, Geological Survey topographic maps,
[ ~—
- o |c
v |88 S|zl 3
i : z : - t: o < ©
M Ovner Driller E 18]~ 1% ¢ e g b Reuarks
 |ga § 5 |& S8 Il o =1
o} 4 £ a 2 vl ag o 33 4
T ly v 28] 8B 12 8318 |=]| &% <
LY 1)
e 5.1 |5z c2| Tioga Tavern —eeaman aees |5 80 aceem= | 670 | Bedrock near surface,
9-1 |t 2] Peter Arsenault et R Bt & =
By o % 2 Bedrock at 2L feet,
3.{ ¥ Me| Mich, Muy, Dept, Va, Nance et B ,93 .??f.. 3?3 Test vell for minersl,
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BARAGA COUNTY
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Records of vells and test holes {n Delte Coumty

Use: D, domestic; 8, stock; P, public supply; I, tndustrial; Tu, cfl teos;
T1, iron ore test; B, foundation boring; 7v, vater test.

Vater level: In feet belov or above (¢) land-surfece datum; M, seasared;
R, reported,

Altitude: In feet above mean sea level (estimated from advance prizts of
U. S, Geological Survey topogrephic maps),

5 = |
-2 - P H
W | 2% el ] |
2 | ed a1 < i
h -4 “ [ © ‘ ® "
g oa [ ] s ~— S : ~ = u .
A | A ,' & gl el L 1S i
- ) ~ t ] 8| = o & © - a
- -l © 2 T o [ ] < o 3 o a
] | ol O [ 4 -y o 2] o 3 -~ &
= (3K S a »lajJal«<io|l*x {=n] a l <
b3N 2w l
41| SE NE[ M, Nansen - -1 12] 48] qud] vs} 7 Mi 10-24.53 " 100%] Abandoned,
S-1{ SE SE| Mrs, Leech - -1 161 60lQad{D | 9 M1 10-24.58, 1020
$-2 | SV S| Lathrop School - - J150| 6jotvj p a1 Mi 10.20-53 1 1040 Do,
6-1 | NE SE| G, R, Stegath - -] 8} 6oty 0 -1 - - 1pe0
6-2| W NEj C and N¥ RR, - - 91 =1 -] -] - = 10511 Bedrock st 9 .,
6-31 NE SE| Berthyl Nensan | Tom Rice and Son|194%2] 98| 6)ow] p |16 R{ 10-24-%3 | 1040
6-41 W W] David Williamson| D, Williamson -] 11| 60jaad{ D] 1 M| 10-27-98 1 1053 | Bedrock at 10 ft,
oty
8-1| st sWw| C and NV Ry. - -1 1|l -1-1s o] - - Dedrock st 11 ft,
8.2| sww do. - -] 1w} -] -|» -l - . 1028 | Bedrock at 10 ft,
21-1| SV N£| Jobn Niemi Tom Rice and Son {194 | 84| S]otv| os| « | - . 980
21.2 | W™ X4} J, C. Bartlett | Pred Rice 1956] 40| -lotv]p -] - - 980
213 | MW da, - <1 100f ez o -1 - - 5%
2kl | W NE{ Totvo Lampt - 1928 22| 3 |Qe|D o | - - 93| Bedrock at 30 ft,
28-1| N NE| C and WV By, . - 1 -] ~-1]» | - - 9781 Bedrock at T ft,
28-2 | W su] Victor Xalllo Tom Rfce and Son | 1943] 30| S]otvlps| | - - 930{ Nedrock at 10 e,
28-3 | SE SE| Jobn Toyre do, Wil W} sfowlos] - - - 975] Medrock at 11 ft,
28-% | sw sk| Charles Valeen do, 043]102] Sfotb] 0B = | o - 080 | Bedrock at 12 ft,
32-1 | N SW| Sulo Auer do, 9881122 sjotvjos) - - - 980 Bedrock at 20 ft,
32-2 | MW N¥| Andrev Tomla 40, 19431 8 5 [Otd} DS - - - 90| Bedrock at 9 ft,
34-1| SW NE| F, N, Mattila do, 19%0 | 365 | & joat] ps| Lo R| 9% 960
3N 22w I l |
$-1 1 ¥ sul Eriek Onterdurg - - 7| 60 |csa{ 08| 3.0] M) lo-ah-sel 990' Abandoaed,
2N 23
[ I SW NE | Edvard Kaminen |Tom Rice and Son | 1946 I | - ozblo I - l . I . I 940
%<t | ¥ K¢ | Asko Mamalainen - - 9 13 lagd{p | 55| M|10-29-98] 970
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Well Records

Explanation

Wells are 1dentified sccording to their geographics? township locatton, for example, “G4N 30W 2)-1 SE NE™ refers
to well #1 sttusted in the southeast quarter of the northesst quarter of section 23, of Township 44 Nocth, Range 30 West.
Altitudes sre estimated fram topographic maps.

PC ceveves Pracambeian . Indystrial

0 ¢evseen Obsecvetion

b g e oo

-
.
13 H o 1
Well  Location to ° e I & s 233
Hanter in Owner 2 - 2 & . 2 e Remarks
section o] 33 ! 2 ] © s - g
% &% = g g & s ] H e
* * Q < A a < =3 x A < aQ
4N 0w
23-1 St NE Joe Dault Anderson 1962 [} [1) | 3 ] 64 1962 1630 <=~
23-2 SW NE Joe Dault Kleiman 1957 [} 69 re 1 4 2 3-15-87 1620 [ ] k.
233 RE M FE. J. DeCaynor Kleiwan 1958 6 79 Pc ] 13 6. 2-58 1620 68
28-1 SE NE Dick. Co, 4-H Club Anderson 1951 [} 188 Pc ) 4 110 §-13-51 1620 170 uell abandoned because of
excessive sflt. Cased to
170 feet.
33-1 W2 NE  Dert Buckland Kleisan 1962 3 n cd ] 32 7-16-62 1600 ===  Cased to 68 feet.
A4N 200
10-1 S sw Casper Uldriks Kleiman 1962 b ] 59 cd ] 36.27 7-30-64 1280  ~--
27-1 SE SW Ceasar Alwone Owner 1936 60 5] cd D 11.16 9- 9-64 1260 =--
Ady 279
17-1 W SW J. McGreger Xleinan 1956 ¢ 43 Gd ] 2 6- 9-36 1200 ===
&38 Y09
9-1 S8 M O, Peterson Anderson LS ] 28 (] ] 18 1620 «--
9.2 WS lawrence Caray Tucainen 1960 é 107 Pe ] 36 1360 102 Cased to 102 feet.
111 N SW Fred Janus Kletman 1963 [} 68 P D &1 1360 18  Cased to 20 feer,
29-1 NE M F. Van Gilder Anderson 1950 s n - ] 38 1610 === Cased to 66 feer.
29-2 u SE imos Dishav 1934 6 69 e ] 3 1430 &0
29-3 s SE $agola Township 1923 [} 15 ] 4 ereace 1640 o= Supplies 30 fami{lies.
30-1 W SE t. Johnson esee ) 196 rc /] 40 1330 40  Cased to 40 feet,
-1 W SW Fdgar Er{ckson 1960 S 9 Gd ] 20 1360 ==~
LN 2%
36-1 NE W caceesen cemueane 1963
(1) 13 12 cd o .0 8-13-64 1180 -ee
4N 284
231 MW ST Paul Marfuccl Chiocchi amew 3 42 Ta ] 15 caue 11% 22 Cased to 22 feet,
232 NE SW  John Cominsky Klefnan 1959 5 60 Ps D .10 3-18-44 119 40 .
233 N SW Cilbert J. Johnson Owner 1963 % 28 Gd D 4 tt-11-63 1140 we= )
2)-4 SE S¥  Norman Karstem Kleiman 1961 3 49 Pa ] 44.47 8-24-64 1220 41 Cased to 45 feet,
235 W SE ewunrane .- = e 11 14 cd b 8.74 7-30-64 1200  «»=  well abandoned.
27-1 SE MW Sam Butizzd Chloceht soae ) 62 Pa b 30 asas 1185 == Cased to 22 feat.
IN 229
23-1 SE SE  Joseph Turin{ Klelman 1963 3 47 e ] 8 1963 1160 4T Cased to 42 feet.
&28 o
2.1 SE SE Ron Koller Kleiman 1964 4 30 Pc D 18 20 464 1320 13 Cased to 16 feer,
41 NE SW Donald Johnson Kleluan 1961 5 42 Pe b 35 4-27-61 14620 20 Cased to 25 fesr.
1<t SE SW Don Darto Xleioan wsse 4 59 rc D 49 196) 1610 43
11-1 WM Norean Mataville Kleiman 1963 6 10 Gd ] 28 6-16-6) 1340 ---
18-1 N1 Sw John R. Willlsws Kleizan 1961 ] 32 cd ] REYLLE) enns 1400 «--
18-2 SE W Frank Mortall Chioccht w~ee b 139 | b veanee vone 1410 10
183 NE MW leo Hart Klelsan 1964 L} 92 Gcd 0 67 3e12-64 130 -ee
2%-1 NI NE Paul Richards Kleiman 1959 H » 0 ] 9.3 10+16-64 120 b1
261 ST NE Herboet locarvildl Kleiman 1958 [} 36 e D 2} $24-98 1260 20
28-1 sE Se Llmer Schowalder Chiocehi wana S 20) Pa D,S 40 CLLTY 1260 ==
321 NE SE Clayton Rush Kleivan 1957 6 133 cd D 0 7=25-81 1260 v
331 M SE John Horvath Chioccht "ven ) 105 re 1 4 seeues anea 1260 ~es  Cased to 40 feer,
3.2 NE SE Harey Rorvath Chioccht wene 5 n Pe ] 20 10-15-64 1260 =<« Cosed to 30 (eer.
42N 292 .
22-1 NE SE Aagust Zambonl Owner LXTT I 1} 24 Gd °] 21 10-14-64 1120 «+=  Dug well,
2262 N SE Watson ELITITEL maee 4 39 .. b {lows 10+ 1464 1130 «ee
223 N SE Joe Lajennessc Kleiman anee 3 28 cd ] S 1015-63 1130 ==
26-1 sEOSE Crclton Cook Kletoun 1961 6 87 P ] 6 5429+61 1220 43
301 N SE H. A. Hanna Co. Layne N 19 R M cd V] 20,05 11-18-64 1260 =ee
-1 M OSE M. A. Hanas Co. layne N 1951 12 128 ra o? 34 4= 2-51 1360 15 Used as domestic supply .
in fron ore plant,
321 SE NE Roy leonard Klelman 1938 6 38 Pa ] 2).62 31964 1260 1] 1
32-2 Y Mo Ad Hanuy Coy layne N2 1958 10 161 re [+] 16.01 1118464 1320 10
331 N4 SE E*ior Helauder T. Rice 1943 &4 8 .. D weacsn =exw 1240 === Nad unpleasant taste 1963,
el Sw M Fadlen Stelnbrecker Xlelnan 1958 [ 82 44 ] 39 8-12-58 1240 18
34e2 SE SE Ronald Perystria Kleinman 1960 6 101 | {4 1] 61 4+1)+-60 1160 52
o
4N 280 K
3.1 SE N? Kenneth Sheldon Klefman 1956 [ 38 Pa b k1 9422436 1160 15 b
32 SRS 4 Edwvard lantz Chtocchd wene s 96 | 20 ] 42 an 1200 <=~ Cased to 32 feet. ’
3-3 MM Oltver Jedviik Chitocuht aree 5 205 re ] b suve 10 «=e Cased to 175 feer.
54 N4 NE aresanne Ovner 1964 119 2 cd ] 1.06 9-11-64 1160 exe
$e% NOSK Roy tantz Chivcchi 1964 ] 60 Pa b Jo 10-2344 Ha)  wee
-1 MoOSY Rudy Gustafson Ovnet 1964 $ 67 Gd ] 30 91164 Heh  =e=  Pumps fine silty send. 1
9.1 L 1 Clath Lusas Chitoochi 1964 S 4 13 1] 35 G+ 1ls64 1ED e
5.1 $E N Edwin Quan Klelnan 1938 6 50 cd [ 131 4e17-38 1120 s
d
d
1
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‘Well Records.--Continued

. -
L
t H x

Well Location 5 ° © t - s 3%
Number in Owner .3 P . ‘é 5 E K 3 g£f Rer.arks

seetion T & 2 % 3 3 : 3

O a8 s A a < 3 2 a < &
428 29

20-1 N W Jos Trepanier Chiocchi -ven S 60 Pa 1} 21.92 9. 14-64 1200 ==+  Cased to 25 feet.

26e)  SW M J. B, Erickson Klejman 1956 6 8 cd ) 4 10- 2.56 1100 ---

29-1 W osE Sanford Olson Chtocchi vee s 12 Pa ] &b “nee 1080 .-

32.1 Sg W Wa, Dawe Chiocchi cvee 5 16 Pa o 50 eeae 1130 -« Cased 10 32 fect.

32«2  SW SW S, J. Peterson Chiocchi = E) 138 Pc ] 40 LET 1120 === Cased 10 40 feet.

33-1 N W E, W, LaFrenlers semveses ceee 36 12 ] [ 11.19 3-17-64 1060 ~=- WMP obs. well #10,

&N J0

31 N s Duane Pollack Kleiman 1960 [ 18 cd D 13 8-24-40 1260 78  Cravel 70 to 77 feet,

41 N SW K. J, Verrette Kle{man 1958 [} 80 2c D 39 Je 4e58 1300 75 Rock bluff 100' South.

16-1 NN Hetrman Bremer Kleiman 1958 6 40 Gd D [3 6-19-58 1200 =<« Rock bluff 100* west,

17-1 N MR Ellen Sfoquist Kleiman 1958 [ 30 cd D 2% 7-31-58 1260 =--

251 N S¥  Dick. Co. R4, Comm. WP Co. 1948 ik 20 cd [ dry 11-19-64 1220 === Containt vater in spring.

25-2 SE NE Qscar Martinson Owner cen= 48 12 Gd [} 11.42 12+ 2-63 1200 === WMP Co. obs. well.

25-) SE NE  Oscar Martitson Anderson 1949 6 Sb - ] 3 949 1200 «--

25-4 L 4 Willfan Cacolls cenummne saen 1) 60 .- D mreua ———— 1240 eee

25-3 SE W Mel Martin Kleimaa 1955 6 120 Pe D 16 1= 755 1260 63

27-1 M SE John Colombo Kleiman 1958 1] 104 Gd *] enene —eun 1200 -«-  Pulled casing back to 5 fe.

212 St SW  Darwin Wilson Chiocchi veue H 49 cd N 30 anee 1190 ~--

28.1 St st Merrioan Comm. 3ldg. Anderson 1957 6 70 -- ) 4 ” 1957 1170 ==« Screen {inish.

30-1 N N Maitlend Dov Anderson evee [ 63 . D 15 .o 1180  ~--

3241 SE N£  Nors LaFarve Kleiouan 196 7 150 Pc ] 13 5+20-64 1240 50 Cased to 54 feet.

341 LA Elerde Falus Anderson LEL] 6 128 - D 85 cooe 1270 =+=  Screen {inish. *

&IN 289

1-1 SE St Carl Johnson Chioccht oo 6 240 Pc ] 12 cave 1160 ===  Cated to 72 feet,

3-1 SE SW John L. Peterson Chiocchi 1953 &4 42 Pa 1] 16 1953 1150 ]

121 SE NE  Harry Peterson C. Rice 1930 4% 197 rat 4 30 3~ )-61 10460 -ee

34-1 W SW Marlin & Griffee Owners 1961 % 13 Gd ] L 11-13-64 990 S Pipe in fracture in bedrock.

&IN 224

2-1 N W A. Prancke Anderson cern [} &0 [} D 34 anee 1180  ---

61 SE SE  Allen Johnson Chiccchi osme b] 105 - ] 8 sune 1370 -~-  Cased to 88 feer.

7-1 NE NE Pat Mtlligen, Jr. Chiocchi 1959 5 109 Pc D [Y] 1959 1180 <=«  Cased to 67 {eet.

1.2 WM Pat Milligan Chiocchi 1963 5 72 Pe b 22 1963 1060 ~ee Cased to 22 feet. Open
finish,

1-3 W SE Foster City Cemetery T. Rice 1948 6 55 .- r cesece 1060 ==e

Teb  SW SW Reuben Shogwan Chiocehl  weee  § 9% Pa D () 1150 <<« On top of bluff, Cased to
10 feet.

9.1 St W Dale Siglar Chiocchi e [} 90 ra D 10 T 1040 === Water contains 2.0 ppm iron.

40N 3

231 St St Plone Mt. lorp. Ramectd 1961 6 116 Pa 1 9~ $-61 ey 32

232 St st Pine Mt. Corp. Rooetti 1961 6 150 Pa 1 anee 1165 n

233 S8 SE Pine Nt. Corp. Romett{ 1961 [ 128 Pa 1 nnen 1170 32+ Cased to Y4 feat.

40N 304

5-1 SW M John DeCrave Anderson 1987 5 88 Gdt D 7 1957 1200 «--

6-1 SE S¥  Joseph Giachino kosett{ 1963 6 k) Gd D 10 1963 1200 --=  Screen {inish.

62 st st Joseph langford Kleiman 1958 6 82 Gd D sevmea LITYS 1180 =ee

8-1 sH N Wes Fontenhio Klelnan 1963 4 36 cd D 16 7+63 1120 e

141 St Sw Dave lieidke Anderson 1962 6 110 Pe? D 78 962 1100 10

14=2 S SE Wa. Haigh Ancerson 1964 [] no .- D 2 196% 1100 ==« Cased to 90 feat,

12-1 SE NE laranuel Baptist Church Xletnan 1962 3 19 Gd r [ 621662 N0 =e-

18-1 SE W Jerry Mtksa Kleigan 1959 [3 18 Gd D 1 6-13-59 1140 =ne

182 SE SW . ¥, Miller Kleiman 1959 [3 19 cd ] 39 10-21-59 1140 =--

13-) SESW M. Tousignant Xleiman 1956 [ 64 ¢d D 29 [ 1140 eee

184 NL S F, Hermance Kleiman 1958 6 n cd | 4 3 10- J-58 1160 =--

185 N& Sd Otto Xelkerg Kleiwan 1960 6 2] [ 14 a $-19-60 1180 e

18-6 M N Charles Lindderg Kleiman 195% [ 20 cd D 4 822155 1160 wes

18-7 . Ervin Swolinsk{ Kleinsn 1960 6 41 Gd D 4 112860 1180 see

19+1 NE W Reuben Hamar{ Kleiman 1959 6 8t ¢d ] 38 9:2659 1140 ~e-

192 W NE Bacco Cunst, Co. Kleiuwan 1958 6 48 cd D 21 7 1-58 1160 ean

19+3 SE NE Esau Cohodes Kleinan 1958 [ 32 Gd o n §+24458 1140 =--

20-1 S¢ NE City of Iron Mountain [EILETLLY waee 2 ane . r Flows 9-17-64 1160 =<« Flows 20 ft. above lake

211 ST Sw Dickinson County Kleinan 1952 6 30 cd b 4 121587 1160

23«1 NE N2 John Pengrazi Kle{wan 196) &% 60 Pc ] 14 1163 1100 -ee  Cascd to 29 feet,

232 NE SE Eugene Bronz Kleinen 1962 6 107 Pa D 5 4:62 1180 0 Cased to 102 feet.

2%-1 NE SH Joha Fentecchio Kleiman 1963 6 46 cd 4 26 10+ 1.6} 1140 s

21-1 NE $4  Allan Carlson Xleiman 1959 6 14 Gd 4 26 422059 1150 == Occasfonally shows slight
red color.

21-2 Sw N F. Pesavento Klefman 1959 [} 65 Gd b 36 4+16-39 1180 «=»

27-3 swoSsw Richard walddillg Xletnan 1955 [ [ cd 4 28 10-20-38 160 eee

28-1 SWoW Jane Thehan Kleiman 1962 6 49 cd b $ 4e26462 160 === WVater silty {{ punped at
wore than )0 gpm,

31-1 sw N Zacks Frult Co. Kleiman 1958 6 10 cd 1 1% nees 1140 eee

40N 299

6-1 WM Mich. Dept. Cons. Kleiman 1964 4 o cd - 17.97 9. 80k 1120 2} Insufficicnt vater to
develop vell, Casing pulled.

6.2 WSy Mich. Dept. Cons, Kletman 1964 4 » cd - 12.22 9-11-64 1120 31 Screen plugsed vith silt.

. Castng pulled.

28-1 NE N Ceorge Branback Kleiman 1962 3 30 (] D 19 9+ 1162 1160 =ae

282 S ME Hovard Hamill Kletlman 1961 3 21 | {3 - dry 10+30-61 1140 21

29-1 swosd Stanish Bal Anderson 1961 [} 32 et S 2 1961 1100 «==  Cased to 18 feet.

-t Sv St Joe Baciak Anderson 196) [3 200 ra ] 40 1963 1100 68 Cased to 68 feet.

LON 283

41 NE SE C. M. Huck Anderson $ 32 c4? ] 36 awn 1000 eee

4=2 WSy Anton Stechovite Andegson [} 80 P ? ] » sese 930 ese Cated to 38 feet.

10-1 N W Clyde Randall Chivecht s 96 Pc 1] 2 xse yu)  exe  Cased to 33 feel,

12-1 Nd M Wa, Asselln Kleiman 3 132 (] ] 19 102160 80 60 Cased to 50 ek, Cosing
dynamited at o1 ft. te
provide additional supply
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Well Records.--Continued

d
.
- >
Well Location % - o ~ & s 33
umber in Owner ~ S e 2 & s 3 g2 Remarks
section - 3= ! S 4 . 2 - o9
£ A% = e g & & 1 2 83
* 3 Q < a a . < = L 3 a < a
408 2
(Cont'd)
26-1 NZ SE M. Cousinesy Kleiman 193 2 10 cé 0 19 $-10-63 00 .-~
35-1 W Bernard Rossato Kleiman 1961 3 s7 [~ ] o 46 1= 3-61 1000 ---
g e
12-1 N st Wis, Mich, Power Co. Anderson oo ¢ 343 - - eene 1100 -+ Open finish
12-2 NE ST Wis. Mich, Power Co. Anderson  -cee ] n - &5 sne 1100 -+ Screen finish
0w
11 SW N Glenn Andecson Anderson [ 100 | ] 16 e 060 30
1-2 SW S@  Alfred Qelke Chiocchi 5 27 ] - 15 e 1060 --« Cased to 7) feet.
2-1 N oSw Louls Chiocchi Chioccht 6 2128 | 3 ] 40 1963 1040 37 Cased to 37 feet,
3-1 SE NE Breltung Township ereunse 192 20 128 Gd ) 4 eceen e 1040 --- Gravel pack finish,
3-2 SE NE Breitung Towaship Layne W 1953 L} 160 cd 4 [ 433 1040 «-=  Sereen f{inish.
4-1 NJ NE Guy Gustaffson Andegson 1960 6 3s Pe | 4 2 &-61 1050 ==~
8-1 N3 Wis. Mich, Pover Co. Anderson 1959 6 92 Pa D S amse 1000 -<-  Screen finish.
131  Center  Ximberly-Clark Corp. Kieiman 1956 [} 160 cd [ 132.75 10-22-64 1051  see
13-2 X4 SW  Kisberly-Clatk Corp. Kleiman 1957 [ 118 cd 0 11,52 -10-28-64 1061 eeo
133 sS4 M Kiaherly-Clark Corp. Kleiman 1956 6 50 cd 0 dry 3 756 1052 50
13-4 NE N&  Wallace Jones Chiocchi con= s 114 cd b 92 =vee 1040 =ee
14-1  Center  Kimberly-Clark Curp. Kleiman 1956 6 95 Gd [} 78.41 10-28-64 1025 95  Cravel packed ccreen finish.
142 Center  Kimberly-Clark Corp. Kleiman 1957 6 30 e [} 12.68 10-28-64 960  ---  Water level fluctustes with
river.
I9N 29
2-1 sS4 ME  uWm, LaVole Anderson 1946 5 12 cd ] 36 900 ---
s=-1 SE  Ame-ico Timti Anderson 1949 [ 174 - )] 15 1040 «-- Cased to 68 ft. Open f{nlsh.
-1 N ST Jagrs Stevart Kleiman 1958 6 112 Gd 1 56 940 ~-- Water contains excessive
ferric tron.
12-1 $W SW  Stan Baciak Chioccht  =--- [ 168 Pa ] 40 1040 --- Open fintsh.
14-1 N SW Prauces Girardi Chiocchi caee 5 & cd 0 20 860 -~
142 SWSW R, ltaferkom Ovner --ee 36 21 ] s 12 850 .-
15-1 s st Joseph Hafeckorn Chiocchl wese ) 158 cd D (3] 840 .- Slight taste.
17-1 SE NE Lewis Rector Kleiman 1958 6 140 e D vemees 940 50
201 W NE  Joe Palluch Chioccht 1961 (] 40 [} o 15 sese  aws
22-1 SW SE Mike Mannicor Xleiman 1963 4 88 Gd D 28 10-20-63 860 e
25-1 NE MNE Fraucis Swaig Kleiman 1962 3 70 Gd ] 3 6-16-62 860 --e
26-1 NE SE  Adsa Ball Chioceht 1959 S W9 P b 60 avae 80
21-1  NE SE Clty of Norway Kletwan 1958 6 40 cd ] 10 11-26-58 === Supplies 3 houses,
36-1 SE NE Heniy Varda Kleiman 196) 1 101 Pc D 42 10-6) 100
08 280
7-t SWoSW Mucriel Girard Chioccht aeee 5 268 Pc ] 60 enesw 180 62 Cased to 62 feet,
7-2  SW SW  Joe Drle Klelman ewee ) 69 cd D 15 aesne 080 ---
8-1 SE NG Wis. Mich, Power Co. Anderson 1962 6 7 rc ? 21.06 $-15-64 900 n
14-1 . Pau . Hupp Anderson 1959 6 39 ] ] 23 1959 970 =-  Screen fintish.
142 sW st Robert Munt Glass 1962 [] 167 Pl D 90 6= 361 1060 8
16-1 WwoONG Steve Bublont Anderson 1963 [} 150 e ] 12,57 9-15-64 1040 22 Cased to 100 feet.
15-2 sW St Frauk Habaser Anderson nees 6 42 cd 0 18 eene 1060 =e-
18«1 W W Kaspinskhi Tavern Andexson 1961 6 2 car ¢ sy 9+61 900 -<«  Cased to bottom,
19-1 SWosw leonard Losito Kletman 1962 3 b2 | 0 ] 3 616-62 850 16
19+2 sS4 SW Sue McCormick Kleiman 1968 3 43 Pc 0 semenn s 850 42
19-3 N M Walter Breclaw Chiocchl eene ) 215 Pc D 76.42 Se14-64 860 <== Cased to 74 feet.
201 SWw SE Ceorge DeRidder Kleiman 1962 3 (1] Gd ] 26 642062 860  «-o
20+2 sE Sk Ed, Pouchey Kleiman 1963 3 120 Gd 4 6 4<30-63 860 -e-
21-1 NOSW Clifford Frenn Chioccht weee 5 196 P ] [ 3 v «ses  eee  Cased Lo 96 leet.
24~ SW St C. hinder L Beau 196) H 100 Pa ] 77,28 9-15-64 1020 -==  Open finish.
25«1 M ONE Richard Shog Anderson 1948 6 88 - ] 61 1948 1000 <==  Cased to 1) feat,
30-1 N ME Fravk Bray Kleiman 1962 h) 18 cd ] ? 6-10-62 860 we-
30-2 L B Erncst Cosanova Kleimaa 1961 3 18 Gd D flow 6 961 $60 ==  Flowed 0.5 ft. above land
surface 6-9-61
30-3 L1 H Hary Johason Xleiman 1962 ) 3% Pe o 17 be 7462 860 23 Cased to 24 feer.
304 SWw NE Lee Johnson Kletman 1962 b] k) Gd D flow 6= 2-62 840 e=- Flowed 5 gpe 3 (L. above
land surface 6:2-62
J0-5 SE W Harty Tealoe Chiocehl weee S 368 | {d ] 28 ass  Cased to 35 feet.
0.6 S9N Dlel tanon Co. Park Chioceht weee ) 91 cé 4 47 ans
302 $? N Carioll Asp Chioccht wnen S 58 e ] 2 ee=  Cased to I8 fect.
30-8 SE W Cart Danelison Chicechl 1933 3 3?7 | D 16 a=x  Cased to 20 feet.
32-1 WoSw Jultus Van Wiele Omer 1950 6 {RH [} s 20 132 Pualled casing dack 0.5 ft.
into gravel
3%-1 NN Ed Magns son e Beau 1947 6 120 Pa ] 5 1947 enes 96  Cased to 96 feet.
45
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Records of Wells

Muilfer: Pcr - Precambrisn rocks; Pa - Paleozoic rocks; Gd - Glacial drife

Use: D - Domestic; S - Stock; P - Public Supply; I - Industrisl;

O - Observation; T - Test Hole
W@ - Wisconsin-Michigan Power Compeny

Water level is {n feet dalow land surface.

b
Location T & = :-: Water ‘5 S
Well number in Ownet Driller &= ’ a = Use level Date & £ § Remarks
section F 3 < 2 §' & a3
- a < 223
41N 31w 10-1 SW NE  Irom Co. R4..Comm. e omve 1k 17 cd 0 14,53 11-1-65 esme  <ea  WMP obs. well

‘14-1 SE MW Dick Abraham Kleiman 1961 3 106 Pcr D 78 1961 1300 104 Water very
cloudy

14-? S4 NE C.J. Carlson Rommetti 1959 6 103 Gd D 68 1959 1300 103 Will supply comm,
nursery by 1966

41N I 11-1  SE SE  George Gruell Kleiman 1963 6 42 ¢d b 22 1963 1260 ---
428 314 6-1 SW SE  Lleonard Olsen Tuominen 1964 S & ¢d D 25 1964 1320 ~--

6<2 NW N4 Mich. Dept. Cons. Owner 1965 2 32 Gd P 26 1965 1360 ~-- Glidden L. Camp-
ground

33-1 N4 SE  Iron Ca Rd. Comm, we 1954 1k 10 ©¢d 1] 2,39 11-1-65 eswe  eee  WMP obs, wall

33-2 M SE  J. Giachino .- -ees 15 12 cd ] 9.55 11-1-65 cese  mee  WMP obs. well

42N 324 15-1 NW SE  E, Brauer Tuominen 1965 S 86 Gd D 1965 1310 +--

26-1 SE N4 Iron Co. Alrport Kleiman 1960 6 110 Gd | ) 1960 13460 ~--

29-1 NW N4 Mrs. Cursky Tuominen 1961 -] 9 Pcr D 21,19 7-30-65 1400 $2  Open casing,
never used

42N 330 1-1 NW NE  Mastadon Twp. Owner 1958 8'x
12! 20 RAr P 7.76  1-16-65 1485 9 Equipped with
chlorinator
1-2 SW NE Mastadon Twp. Wilcox 1954 6 100 Pcr P 30 1954 eoom $  Abandoned, re-
placed by 1-1

12-1 SE SE  Village of Alpha layne NW, 1930 16 4) ¢d | emae 1400 «-- Gravel pack

13-1 NE NE Village of Alpha layne N.W. 1930 16 41 Gd | AT oo 1390 <=« Gravel pack,
stand by unit

13-2 NE NE E. Kascielski Tuominen 1960 S 90 Gd | 4 3.09 8-11-65 1400  ---

15-1 SE NV Wm. Jutila Tuominen 1964 5 200 Pexr D 43 1964 1435 156

15-2 NE SE J. Romanowski Tuominen ~<-- § 43 Gd b 29 e 1380 .-

28-1 SE SW J. A. Gondek Kleimen 1959 6 68 Gd D 28 1959 1330 «-- Dynamited boul-
ders at 18'

42N W 9-1  sW NW  Village of Gaastra layne N.W. 1945 --- 150 Gd P 86.88 7-21-65 - 1620 --- Gravel pack

13-1  SE NW  Stambaugh Twp. Layne N,W, 1956 12 61 Gd P 35,98 5-13-6% 1450 ==~  Gravel pack

25-1 SE SE  Stambaugh Twp. Tuominen 1964 6 88 Ccd P4l 1964 1400 -~

25-2 SE SE  R. Mathison Tuominen 1961 S 99 Gd D 3 1961 1395 »--

42N ISW 1-1  sw NW  City of Casplan o= 1927 10 60 Gd | SR see- 1480 «--  Dug well 30'x
30' to 52!
deep; two 10"
casings to 60',
Used as stand-
by unit,
1-2  S¥ N4 City of Casplan layne N.W. 1957 18 65 Gd P 21.71  5-12-68 1480 -+-  Gravel pack

11-1  N@ SE  Stambaugh Twp. layne N W, --«= 12 58 Gd P 17,01 5-13-65 1615 o--

20-1 NBE NE  Brule Min, Ski Area Kleiman 1964 6 32 cd 1 12 1964 1540 327 Used for snow
machine, Has
been pumped
@ 100 gpm.

20-2 NE NE  Brule Men. Ski Area Wilcox &

Audio ECTTI 1 5 cod | ST L] sees 1540 257 During ski sea-
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Records of Wells.--Continued

Location H 5 H Water § zg
Vell number in Owner Driller 8% l £ ¢ Use lewat Date S 29  pemarks
saction . ax 32 5 7 323
v 8B < < &2
43N 38 4-1 ST SW  Jack Sophie Kleiman 1963 ) S1 Per P U 1963 1390 15 Cased to 29'
16-1 SW NEZ  Ray Peterson Kleiman 196)- 6 95 Per D0 23 1963 16420 =<~ Cased to 20’
2%-1 W N P. Mitchell Kleiman 1963 & $9 Pcr D 9 1963 STTT I |
26-1 St NE Prancis Drake Kleiman 1963 4 30 64 b 18 1563 1600 --- Screen plugs
with silt
33-1 N SE Mansfield Twp. Klefman 1963 3 31 ¢4 P S 19¢3 1320  ---  Dawson L. Park
35-1 NE MW Mansfield Twp. Kleiman 1961 § 0 ¢d P 1S 1961 1380  ---  Twp. hall
. J6-1 SE MW Robt. Magray Tuominen 1961 s 0 Per D 12 1961 1420 38
362 M W Alex Msc laod Tuominen 1964 $ 3 Per D 21 1964 1405 71 1.5 ppw Fe
43N 324 1-1 N4 SW  Stock e ——ow 3 ees  Gd? D cewee eee 1378 <<~  Hunting camp
4-1 N4 SE  Minarcik & Jenov e cone ik 51 Gd D 41,26 8-17-65 1490  ~--
4-2 NE SW  Paros cee eone ) 37t Ga7 D 23,69 8-17-68 1430 ---  More than & ppm
iron
6-1 N SW James Whittock Tuominen =~ee s 68 G4 D 1 me- 1380  ---
21-1 ST NW City of Crystal
Falls Odgars 1929 10 9 Gd P 22,87 5-10-65 1355 --- City well #1
21-2 ST NW  City of Crystal
Falls Odgers 1929 10 9% Gd P eewss cema 1355  ~e«  City well #2
21-) ST N4 City of Crystal
Falls Odgers 1929 110 88 ad | R “one 1385 ~<«  City well #3 |
21-4 ST NW  City of Crystal
ralls . layne N.W, 1961 @ 2 50 o¢d ] 1,14 $-10-68 1355 === Test hole
21-5 ST NW City of Crystal
Falls layne N.W. 1961 2 69 Gd (/] 8.07 5-10-68 1355  <-«  Test hole
21-7 SE N3 City of Crystal
ralls Layne N.W, 1963 10 1 cd T 1 1963 cave 92  Insufficient
wvater, pipe
pulled
28-1 NE NE City of Crystal
Falls Layne N,W, 1961 - 102 ocd T eeees seee =ess  we= TH ~pipe pulled
28-2 NE City of Crystal
ralls Layne N,W, 1961 -- 90 Gd T wmme- LI e=ee  wes  TH -pipe pulled
28-3 NE NE  City of Crystal .
Falls Layne N.W, ‘1956 L) 90 od T ~eeee —oee mess  wee  Insufficient
H30; pipe pulled
29-1 SE N2 City of Crystal
ralls = seee e e=e  Per P 40 9-24~65 1360 -~~ Old diamond drill
hole, has flowed
many years
43N 3W 14-1 SW SE  Crystal Falls Twp. layne N.W, 1950 10 55 ¢d P 21,22 5-10-65 1400 -~ Lind weil,
gravel pack
21-1 SE SW  Wa. Honkala Kleiman 1961 ] 4S ©d D 125 1961 1540 =w-
27-2 SW N L. Reimen Pickands-
Mather 1950 3 $)3 Per P 20 1950 1400 20 Drilied as iron
ore Test hole
273 SW W k. Reiman Pickands~
Mather 1950 ) 500+ Pcr D 20 1950 1400 20 Do.
31«1 SE SW P, G, Pavrdee Layne N.W. 1957 ] W) cd D 114 1957 1500 --- More than & ppm
{ron
4IN YW 19-1 NW SV Johnson sae “vee 3 ese  Gd? O 67,46 11-18-65 1590 197 Ore expl, hole
19-2 NE 5S¢ Johnson LX) woee 3 ass  Gd? O 23,92 11-18-65 1620 --- Ore expl. liole
26~1 Nu. SE Edw. Schlasssr Tuominen 1964 ) ¥ Gd ] 2 1964 1420 -ee
24-2 N S J. Strazer Tuominen 1964 ) 32 Per D 2 1964 1420 21
26-3 N SE  W. J. Phillips Kleiman 1964 () 8 Gd D 4 1965 1420 --s
28-1 NE NE  Bates Twp. Layne N.W, ===~ ] 140 Gd P ecee- e 1630 === Twp. #1, stand-
by unit
28-2 NI NE  Dater Twp. Layne N.W, =ve- [} 140 Gd | B cane 1630  ~~- Twp, #2
29-1 SW NE Rogers Mine .o wece 48 «== Gd 0 16,75 11-18-65 1567 --- Mine drainage
vell
43N 35K 11-1  SE NE  J, J. Javerski see eve 36 47 Gd b 41,83 11-1.6% 1565  -<=  \MP Ohs. well
13-1 SW SE P. Gendzwill b4 o~es 3 876 Per O 54,99  11-18-65 16)% 66 Ore expl. hole
16-1 SE NE  Iron River Twp. layne N.W, 1956 10 8 Gd P19 1956 1530 83  Rodine well
21-1  sW SE  Iron River Twp. layne N.W, ==~ 10 60 Gd P 22,20 5-13-6) 1540 =c+  Nayn well
22-1 NW NE  Iron River Twp, layne N.W, 1956 10 150 ¢d T  eeece eonn 1600 <=+ Test hole, dry
23-1 N4 NE M. A, Henna Co. Layne N.W, 196) 48 80 Gd 1 36 19¢3 e=ss 103 Mine drainage
vell
24-1 NE SE  Johnson E. J. long
-year Co. 1948 3 113 ¢Gd ¢ 69.71  11-18-65 1600 113 Ore expl. hole
48
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Records of Wells,--Continued
Location . 3 5 - 5 Water g S
Vell number in Owner Driller v ' e T Use level Date & = 3 Remarks
section 3; s 2 g e 2]
3 < X%
&IN IS4 25-1 SE M City of Stasbaugh .e- 1938 18 81 Gd P 18 1946 1480 --- City f1; scand-
by unic
25-2 SE W City of Stambaugh Layne N.W, 1962 [} 80 Gd P 11,20 5-12-65 1480 --- City €2
26-1 SW NE City of Itron River Layne N.W, =e- 2 130 Gd 0 25.64 11-18-65 1480 --- Test hole
26-2 SW NE City of Iron River .- 19677 20 170 G4 | B oo 1480 --- City #2; stand-
by unlc
26-3 S¥ t'E  City of Iron River Layne N W. 1952 16 130 Gd P M 1952 1480 --- cCtty 41
28-1 SE SW  lawis Gregg .- -ees 36 20 Gd D 15.90 9-12-48 1540 -«-  Desttoyed
33-1 St N Mich. Hwy. Dept. wr coow i 12 Gd [} 5,25  11-1-65 1525 =<~ WMP obs. well
4N I 26-1 NE SE T. J. Balley Kleiman 1966 & 39 Gd D 21 1964 1395 ---
26-2 NE SE T. J. Bafiley Klei{man 1961 3 43 G D 15 1961 1398 --=  On lot next to
26-1
263 N SE  W. Hosking Kleiman 1961 k) ST Gd D 29 1961 1600  ---
264 NE S4 A, Peterson Klefman 1961 3 56 G4 b 29 1961 1400 .-~
26:5 SE SE V. Ball Kleiman 1961 3 41 Gd ] 3 1961 1390 «.-
34~1 SE N F. Phelan Xleiman 1957 6 100 Pcx P 230 1957 1400 50 Supplies 8
cottages
4ON 324 16-1  SW NE  E, Bicigo Owner e 1k 20 6d P 10¢ 1965 1385 ---
17-1 N SE M, Saith Tuominen  ~--- 6 170 «=x P wseee meve 1390 -~ Supplies &4
cottages
44N 33W 6-1 NW SW M, Vireen see w-ne 6 128 eec D eesee neve 1555  ==-
7-1 SE Nd  Robert Jacabson Tuominen 1965 S 33 6d D 20 1965 1500 .-
7-2 NE SE V. Hanttula Tuominen 1963 S 146 Pcr D eceoe ~-e- 1490 ---  ledge nr. surface
7-3 NE MW Henry Rajala Tuom{nen «==~ 4 132 Pcr D mese- e 1515 103
8-1 NE NE Hematite Twp. - 1947 21 &b G ? ) 1963 1645 ~--  Yield dropped,
vell abandoned
8-2 NE NE Hematite Twp. Layne N.W, 1937 8 30 Gd 4 4,95  5-5-65 1445 «e-  Tup. vell #2,
stand-by unit
8-3 NE NE Hematite Twp. layne N W, 1963 12 30 o6d P emmes | meee 1445 <<= Gravel pack
10-1  SW SW Iron Co. Rd. Cowm. e ave 1k 9 Gd 0 6,65 11-1-65 1540 = WMP obs. well
16-1 N4 N¢  Crystal Falls Twp. tayne NW, 1950 & S6 Gd v 8 1968 1450  <==  Twp. well 41,
gravel pack
16-2 N NW  Crystal Falls Twp. Layne N. W, 1965 16 58 ¢d 14 ? 1965 1450 e~ Twp. well #3,
gravel pack k
17-1  SWw SW  Stuart Dickinson Tuominen 1962 5 29 Gd b 10 1902 1395 --e
35-1 MW SE  f. Anderson Tuominen 1961 S 31 G4 D e amee 1410 ---
35-2 NW SE  Rev. C, Peterson Tuominen 1965 S 17 o4 b 4 1965 14610 -e-
45N 3IW 7-1 SE SE  Harry Patrick v-a emne 1 --- od ? “eee 1490  -.- !
24~} SE SE K. Mattila Owner ceee 1k 20 Gd D veen 1460  «ew
25-1 NE NW  Chas, Blaim Owner emem 1k 2 Gd D escee eee 1450 --«  Occasfonally has
austy smell
26-1 N NE J, Albrecht Anderson 1961 S 99 Per P 17 1961 1WaS  eee
45N 32w S-1  SE SE A, Rogers Owner 1957 113 24 Gd D asees meae 1560  wev ,
29-1  SW SW  A.&L. Adschliman Forrar
owner eve 1% 30 ¢d D emees ... 1540 <<«  Dry avhile in '63
45N 336 8-1 SW Sw  Basilio Prandd wMr 1959 1x 33 cd 0 7.1t 11-1-68% meee  wse  WHP Obs. well
8-2 SW sw Basilio Prand{ Tuom{nen ===~ 6 91 ocd D eeme- ---- 1570 «-- !
10-2  SE N Ervin Evans .ee cmee 113 32 ¢od [} 9,04 5.5-65 1540 --o !
18-1 N N0 F. Columbino LT anme 6 41 Gd D 18,71 8-19-65 1545 <=~ !
46N 31W 30-1 NE SW  USGS UsGs 1965 1k 8 Gd [\] 0 11-11465 1560 - - Casing removed i
46N 330 6-1 NE SW  Joseph lang - 19645 --- 125 Per D -e--- seee 1520 40 .
18-1  SW N4 Mich. Hwy. Dept. wr LI 1% 13 cd 0 8.25 11-1-65 1550  ---  WMP obs, well
46N J4W 13«1 SW NW  J. Poulos vo- .ee- 6 == Gd D 31.78  5-5-6% 1520 --- B
141 NE M Oliver Irom Mining Co. WMP =e=- 1k 12 ¢d o 7,30 11-1-6% 1520  --»  WMP obs. well i
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WELL YIELDS
Aquifer Duration Specific
Well Number Br - bedrock Yield Drawdown of Test Capacity
Gd - glacial drift (8pm)  (feet) (hours) (gal/min/ft
drawdown)
48N 31W 17-1 Br 4 67 1 0.06
35-2 Gd 6 61 10 0.16
48N 34W 21-1 Gd 10 20 24 0.50
49N 34W 14-1 Gd 115 32 5 3.60
51N 31W 8-1 Br 10 15 10 0.66
51N 32w §-1 Gd 30 15 2 2.00
8-2 Gd 20 52 2 0.40
9-1 Gd 30 2 2 15.00
30-1 Br 3 85 2 0.03
51N 33W 28-1 Br 5 30 2 0.16
28-2 Br 5 30 2 0.10
32-1 Gd S 45 2 0.11
36-1 Gd 20 5 4 4,00
52N 31W a82-1 Br 9 11 4 0.81
52N 33W 2-2 Br 50 100 48 0. 50
14-1 Br 5 82 2 0.06
14-2 Br 5 86 2 0.06
14-3 Br 1.5 180 1 0.01
27-1 Br 10 4 2 2.50
27-2 Br 9 26 4 0.34
34-2 Br 10 20 2 0.50
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TR

PUMP TEST RESULTS

2t e i

Well Number Aquifer Yield Drawdown Duration Specific
Pc « Precambrian (gal/min) (feet) of test Capacity
Pa = Paleozoic (Hours) (gal/min/ft/
Gd = Glacial drift ) drawdown)
39N 284 7-1 Pc 5 - - ~
14-1 Gd 5 -- - --
14-2 ? 8 60 1 Q.1
19-1 Pec 17 4 2 4.3
19-2 Pc 9 40 1% 0.2
19-3 Pc 12 - -~ --
20-1 Gd 30 .- -- -
20-2 cd 20 15 2 1.3
24-1 Pa 240 - - -
30-1 Gd 5 6 ¥ 0.8
30-2 Gcd 40 10 2 4.0
30-3 cd 5 - - 2.5
30-4 Gd 10 4 ¥ --
39N 29w 8-1 Gd 20 1% 2 13,3
22-1 Gd 15 4 8 3.8
25-1" Gcd 30 10 2 3.0
36-1 Fc 20 10 2 2.0
39N 30w 3-2 Gd 125 12 8 10,4
: 4-1 Pc 20 10 -- 2.0
4ON 28W 12-1 Gd 4 90 X 0.04
26-1 Gd 3 40 1 0.8
35-1 Gd 3 5 2 0.6
40N 29w 28-1 Gd 3 8 1 0.4
40N 30w 8-1 Gd 15 4 4 3.8 ‘
17-1 Gd 3 8 1 0.4
18-2 Gd 30 5 8 6.0
18-4 Gd 12% 10 1 1.3
18~5 Gd 25 12 2 2.0
18-7 Gd 5 18 -~ 0.3
19-3 cd 3507 - 6 -~
21-1 Gd 15 4 3 3.8 :
23-1 Pe 6 56 2 0.1
28-1 Gd 30 20 6 1.5
40N 31W 24-1 Pa 15 3 1 5.0
4
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JEC S

WELL YIRLDS
Hell Number Aquifer Yield Drawdown Duratien Specitic Surface
Per » Precembrian (ge1/min) (feet) of test capacity formation
vocks (hours) (gal/min/tt/
Gd - Clacial drift dravéown
418 319 14-1 Pex 17 ? 4 2.4 Morafne
41N J2v 11-1 Gd 30 H 1 6.0 Outvash
L 3 61 Gd S & .ooe 1.2 Outvash
428 32w 15-1 cd 480 &3 .- 11,0 Outvash
26-1 Gd 20 [ 2 3.3 Outwash
29-1 Per 1 .- sase .- T{ll plain
428 3w 1-1 Pcr 5 .- e cone T111 plain
1-2 Per « 8 53 8 0.1 Till plain
13-1 Gd 60 .- enae ---= Outwash
13-2 Gd 8 .- eeen ceee Outwash
15-2 cd ) .- === —.es Ti1l platn
238-1 Gd 20 .. eese L] Qutwash
420 3w 9-1 Gd 300 19 [} 15.7 T{11 platn
0-1 -] 19 21 il 3.8 Ti11 plain
25-1 Gd 20 4 6 5.0 Outwash
25-2 cd [} 30 e-e- 0.3 Outwash
A28 W 1-1 cd 20 - s voen . Till plaia (?)
1-2 Gd 480 16 9.5 30.0 Till plata (?)
11-1 Gd 125 .- mwe- soee Swamp deposit
20-1 cd 15 H 2 3.0 Bedrock at or
near surface
20-2 cd 10 - RIS oo Bedrock st or
near surface
430 W 4t Pect 40 20 1 2.0 Outwash
16-1 Per 10 50 2 0.2 Ti1l plain
24-1 Pecr 3 28 3 0.1 Outwash
26-1 Gd 10 4 ? 2.5 Outwash
33-1 Cd 10 [ 2 1.7 Outwash
35-1 Gd 30 6 1.5 5.0 Outwash
36-1 Pev 6 14 meee 0.4 Qutwash
36-2 Pcr 1¢ 2 ane= 8.0 Outwash
OIN W 6-1 Gd 8 14 asem 0.3 Moralne
21-1 Gd 250 - e EEL Svamp depostit
2l1-2 Gd 400 - asee --- Svamp deposit
21-3 Gd 400 - - eeen Swamp deposit
21-6 Gd 30 . wess aves Svamp deposit
282 Gd 150 - ELLL] LI Outwash
43N 3 211 Gd 30 S 3 6.0 T11 plain
3l-1 Gd 50 - 2 enee Moraline
43N 34w 24-1 Gd [ ] 9 anse 0.9 Hotaine
24-2 Per 8 16 cane 0.5 Horaine
b {3k Gd 30 10 2 3.0 Svamp depostt
281 (] 200 3 aeee eeee Till platn
4N 35w 16-1 ] 85 3 1 28.0 Outwash
21-1 1] 250 - aene seee Till plain
231 Gd 1,170 .- e=ve ees Til1] plain
26-2 Gd 400 .- case avee 1
L4N 3TV 26-1 cé 10 .. weee coee Moraine
26-2 cd S 20 ) 0.3 Moraine
2623 Gd 35 s ) 1.0 Horatne
264 Gd 23 15 ) 1.7 Motatine
265 [} 30 10 2 3.0 Moraine
44N W 2.1 cd 6 [ ] smee 0.3 111 pletn
[ Lk cd 200 .. [} e Outvarh
16-1 Gd 100 6 [ 17.0 T{11 plain
16-2 cd 400 .- 1 emea T1i11 plain
171 cd [} b LI 2.0 Ti1l platn
331 [} k) 10 aene 0.3 Moratne
38-2 cd ? [} onee 1.0 Moraine
45K J1W 26-1 Pecr 1% 10 5 0.2 Outwesh
67
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Cbesicel analysee of ground-vater sawpies in Delts County

Aquifer:

Depth; Ssspling point 1n vely, tn feet below 1and surface., Where depth is not
indicated, sauple ves ‘collected fros pump diecharge or flov at well head,

Amalyst; M, Michigen Departaent of Heslth; U, U, S. Geological Survey,
potassium; + indicates potsssiua (X) included in valve listed under sodjua {Ne),

: Chenical constituents (parts pev million) s
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FIELD ANALYSES OF WELL WATER

[ ]
[T e
S oq S
Q 9 ~
3 TW o
Well Number Aquifer Date : 5 S P §
PcsPrecambrian § & A g 2
W ]
PasPaleozoic ® g on A
GdzGlacial g B 9 = 5
drift w S
44N 30W 23-1 Pc 10/21/64 140 260 8.0
33-1 Gd 10/19/64 240 375 7.5
44N 27-1 Gd 9/9/64 190 240 ==
43N 11-1 Pc 8/5/64 170 290 7.5
43N 11-1 cd 8/10/64 190 320 6.9
43N 28W 23-3 cd 8/5/64 240 380 7.5
43N 27w 28-1 Pc 10/23/64 270 440 1.5
42N ! 2-1 Pc 10/18/64 150 260 7.0
4-1 Pc 10/16/64 340 590 7.0
18-2 Pc 10/15/64 210 325 8.0
24-1 Pc 10/16/64 130 215 1.5
33-1 Pc 10/15/64 320 700 7.0
33-2 Pc 10/15/64 230 410 7.5
42N 19-1 (d:] 10/21/64 270 450 8.0
22-1 Gd 10/14/64 380 700 6.5
22-2 Gd(?) 10/14/64 260 510 1.5
31-1 Pa 11/18/64 220 420 1.0
33-1 -- 10/7/64 290 410 7.0
42N 5-5 Pa 10/23/64 220 320 1.5
32-1 Gd 9/17/64 640 1580 6.8
42N 20-1 Pa 9/14/64 290 395 7.0
32-2 Pc 9/14/64 140 300 1.5
41N 16-1 Gd 11/18/64 150 0.2 300 8.0
25-3 -- 11/19/64 240 <0.1 400 7.5
32-1 Pc 11/19/64 270 0.1 500 7.5
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Field Analyses of Well Water.--Continued
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Well Number Aquifer Date [3) . 82 §

PcePrecambrian o ;:.; S § 1

A PazPaleozoic g el v
§ GdsGlacial M § 83 g
drife = (=] && z 2]

4IN 28W 8-1 Pa 11/6/64 220 <0.1 360 7.5 48

) 8-2 Gd 11/6/64 260 < 0.1 400 7.5 47
F; 28-1 (Spring) Gd 11/13/64 220 0.3 325 7.5 47
' 34~1 Gd 11/13/64 140 0.5 230 7.5 47
1 4IN 27w 9-1 Pa 10/5/64 260 2.0 675 1.5 -
40N 30w S-1 cd(?) 12/10/64 150 -—— 275 8.0 51

6-1 Gd 1964 260 < 0.1 ——- 7.5 56

14-1 Pc(?) 1964 . 290 0.1 580 7.5 49

14-2 .- 12/14/64 240 1.5 420 7.5 48

20-1 (Flows) - 1964 220 0.1 385 7.0 49

23-1 Pc 1964 300 0.2 500 7.5 .-

4LON 29W 6-2 Gd 9/11/64 240 0.2 .- 8.0 -

40N 28W 10-1 Pc 12/9/64 270 <Q0.1 640 8.0 47

39N 29w 2-1 Gd 1964 .- an- 480 - 50

14-2 Gd 12/15/64 170 0.1 340 7.5 .-

15-1 6d 12/15/64 260 1.5 420 7.5 -

20~1 cd 1964 e - 335 .- 49

22-1 Gd 1964 250 0.2 460 --- 53

26-1 Pc 1964 .- - 435 - 51

36-1 Pc 1964 - -—- 525 - 53

36-2 .- 1964 - .- 425 - 51

39N 2§k‘ 16-1 Pc 1964 - - 380 == 50

24-1 Pa 9/16/64 .- --- 540 -—- 51

30-8 Pe 12/15/64 310 <0.1 480 7.5 -~

35-1 Pa 1964 - ——— 660 - 53
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Field Analyses of Ground Water frow Iron County

Aquifer: Pcr - Precambrian rocks; Pa - Paleozoic rocks; °
Gd - Glacial drift.

"

85

L]
In parts ’:;'é by
per million 2 ] o
:" Date 8 28 E
Well Number “ Sanpled " SEG pH 8
7 ¢ P He® ]
< S 8 T3 u &
: 5 g5 &
= no
41N 31W 14-1 Pcr 7-29-65 170 >4.0 385 7.5 46
4N 3249 11-1 Gd 8-26-65 150 0 240 7.2 48
42N 314 6-1 Gd 7-29-65 170 0.3 285 .75 44
6-2 Gd 8-12-65 90 0.15 290 6.5 48
42N 324 26-1 Gd 7-30-65 90 0.2 180 7.7 .-
428 330 15-1 Per ' 8-11-65 170 0 290 7.5 --
42N 3
42N 354 20-2 cd 9-27-65 50 0 80 6.0 45
43N 319 4-1 Pex 8-10-65 140 1,2 220 7.5 &S
16-1 Per 8-11-65 310 0 480 7.0 --
i3-1 Gd 7-16-65 170 0,6 295 7.0 46
36-2 Per 8-11-65 290 1.5 440 7.7 .-
43N 3211 1-1 Gd 8-17-65 190 0.7 310 7.2 44
42 G4 8~17-65 190 >4,0 310 7.5 &
43N 331 21-1 Gd 5-11-65 170 0 280 7.5 .-
272 Per 9« 9-65 290 0 520 7,0 --
27-3 Per 9~ 9-65 240 0.7 400 7.2 -
43N 344 24-1 cd 8-11-65 150 0.4 245 7.5 --
43N 37v 33-3 Gd 9-22-65 30 1.5 <0 6.0 .-
44N 21W 26-1 cd 8-12-65 170 0.2 220 7.5 47
34-1 Pcr 8-10-65 220 <0.1 380 7.2 -
44N 32w 16-1 Gd 8-17-65 150 2.0 275 7.1 52
17-1 LR 8-18-65 140 0 280 7.8 4y
44N 33w 6-1 L) 8-19-65 150 <0.1 235 2.1 ~=
7-1 cd 8-18-65 150 1.0 170 7.8 46
1-2 Pcr 8-18-65 120 0 225 7.1 .-
17-1 Gd 8-18-65 170 0 310 7.7 ..
35-1 cd 8-12-65 150 0 270 7.7 .-
48y g 7-1 Gd 8-25-65 100 0 205 7.1 52
24-1 Gd 8-25-65 200 0 360 7.5 .-
25-1 Gd 8-25-65 120 0.5 225 1.0 ..
26-1 Per 8-25-65 120 <0.1 220 8.0 .=
a5 329 S-1 Gd 8-13-65 70 >4.0 125 6.5 46
29-1 Gd 8-13-65 90 <0.1 165 7.0 45
45N 3 8-2 Gd 8-19-65 100 2.0 175 1.9 46
46% My ju-ld Gd 11-11-6% 20 1.0 50 6.0 45
G6h 33 61 Per 8- 19-6% 140 0 290 7.5 ..




Well No.: 42N 34W Y-1

Laboratory analysis by Michigan Department of Health
(collected July 1959)

Silica (SiOZ) 12  ppm
Iron (Fe) 0
Calcium (Ca) 46
Magnesium (Mg) 23
Sodium and Potassium (Na+K) 3.1
Chloride (Cl) 1
Sulphate (S04) 24
Bicarbonate (HCO3) 228
Total hardness (CaCO3) ) 210
Fluoride (F) 0]
Total solids 225

Field analysis by U, S. Geological Survey
(July 1965)

Specific conductance

(Micromhos at 25°C) 400
pH 7.5
Iron 0

Well No.: 42N 35W 1-2

Laboratory analysis by Michigan Department of Health
(collected July 1959)

Silica (510j) 14 ppm
Iron (Fe) 0
Calcium (Ca) 39
Magnesium (Mg) 15
Sodium and Potassium (Na+K) 3.6
Chloride (Cl) 2
Sulphate (S0) 27
Bicarbonate (HCO3) 171
Total hardness (CaCO3) 160
Fluoride (F) 0
Total solids 182

Field analysis by U. S. Geological Survey
(May 1965)

Specific conductance

(Micromhos at 25°C) 316
pH 7.5
Iron 0
Temperature (°F) 44
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Well No.: 43N 3SW 26-3 city well No. 1

Laboratory analysis by Michigan Department of Health
(city well No. 1, July 1959)

Silica (5102) 16 ppm
Iron (Fe) 0.2
Calcium -(Ca) 106
Magnesium (Mg) 45
Sodium and Potassium (Na+K) 6.5
Chloride (Cl) 8.0
Sulphate (50;) 220
Bicarbonate (HCO3) 285
Total hardness (CaCO3) 451
Fluoride (F) 0.1
Total solids 590

Field test by U. S. Geological Survey

(May 1965)
Specific conductance
(Micromhos at 25° C) 700
pH 7.0
Iron (ppm) 0.25
Temperature (°F) 50
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Laboratory Analysis by Michigan Department of Health
43N 32w 21-3 (collected July 1965) yan gow 01 4
Well No. 2 Well No. 3

Silica (5i0,) 13  ppm 14  ppm
Iron (Fe) 1.0 1.5
Calcium (Ca) 38 35
Magnesium (Mg) 13 9.8
Sodium and Potassium (Na+K) 4.7 3.5
Chloride (Cl) 1.0 0
Sulphate (S04) 24 5
Bicarbonate (HCO3) 161 161
Total Hardness (CaCO3) 150 128
fluoride (F) 0 0
Total Solids 190 154

.

A flowing well on the east edge of the business district, known as
Crystal Mineral Spring, was drilled many years ago as an iron ore test hole.

Laboratory analysis by U, S. Geological Survey
’ (collected September 24, 1965)

Weli 43N 320 29-1

Bicarbonate (HCO3) 358 ppm
Carbonate (CO3) 0
Sulphate (SOa) 108
Chloride (Cl) ) 30
Nitrate (N03) 0.1
Hardness (CaCOj3) 416
Hardness (Noncarbonate) 122
Iron (Fe) Field test 0.1
Specific conductance

(Micromhos at 25°C) 784
pH 7.5

42N 334 12-1

Laboratory analysis well No. 1 by Michigan Department of Health
(collected February 1961-~-before treatment)

Silica (3102) . 11 ppm
Iron (Fe) 1.4
Calcium (Ca) 20
Magnesium (Mg) 11
Sodium and Potassium (Na+K) 2.5
Chloride (Cl) 0
Sulphate (S0,) 22
Bicarbonate (HCO3) 97
Total hardness (CaCOj) 95
Fluoride (F) 0
Total solids 126
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Laboratory analysis by Michigan Department of
42N 35W 11-1 42N 34w 131

Well #1 Well #2
(July, 1959) (Aug., 1959)

Silica (SiOz) 15 ppm 14 ppm
Iron (Fe) 0 0.1
Calcium (Ca) 32 53
Magnesium (Mg) 16 30
Socium and Potassium (Na+K) 3.2 3.3
Chloride (Cl) 0 10
Sulphate (S04) 18 13 :
Bicarbonate (HCO3) 159 290
Total hardness (CaC03) 144 254
Fluoride (F) 0.1 0
Total solids 170 274

Laboratory Analysis of well No. 3 by Michigan Department of Health
(collected July 1965)

44N 33W §-3
Silica (SiOz) 12 ppm
Iron (Fe) 0.4
Calcium (Ca) ’ 54
Magnesium (Mg) 21
Sodium and Potassium (Na+K) 30.1
Chloride (Cl) 37
Sulphate (50,) 37
B carbonate (HCO3) 222
Total hardriess (CaC03) 222
Fluoride (F) 0
Total solids 322

42N 33W 12-1 , .

Field analysis well No. 1 by U. § Geological Survey
(July 1965) 4

Specific conductance :

(Micromhos at 25°C) 195
pH (7).(7)
Lron (ppm) . {
46

Temperature (°F)
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Laboratory analysis by Michigan Department of Health

Silica (SiOZ)

Iron (Fe)

Calcium (Ca)
Magnesium (Mg)

Sodium a1 Potassium (Nat+K)
Chloride (Cl)

Sulphate (S0;)
Bicarbonate (HCO3)
Total hardness (CaC03)
Fluoride - (F)

Total solids
Hanganese (Mn)
Nitrates

Ni:rates

pH

44N 33W 16-1 43N 33W 14-1 44N 33W 16-2
Well Yo, 1 Vell No, 2 Well No. 3

(July, 1959)  (July, 1959) (June 7, 1965)

13 ppm 11  ppm -=  ppm

0 0.1 0.2
40 30 --
20 14 --

4.8 3.1 --

6 0 1

13 11 --
200 150 --
182 132 160

0 0 0.1
244 158 -

-~ -~ 0

-- - 0.5
- -- .01
-- -~ 8.1
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Laboratory Analysis by Michigan Department of Health
(collected November 24, 1964)

43N 34W 28-1 43N 34W 28-2
Well No. 1 Well No. 2

Silica (8i0y) 10 ppm 10 ppm
Iron (Fe) 0 0
Manganese (Mn) 0 0
Calcium (Ca) 42 48
Magnesium (Mg) 18 21
Sodium (Na) 2.0 2.3
Potassium (K) 1.0 1.4
Nitrate (NO3) 1.3 0.6
Chloride (Cl) 0 0
Sulphate (SO4) 33 37
Bicarbonate (HCO3) 200 225
Carbonate (CO3) 0 0
Hardness (CaC03) 180 205
Fluoride (F) 0 0
Total solids 180 220
pH y 7.7 7.5
Specific conductance

(Micromhos at 25°C) 390 420

Laboratory analysis by Michigan Department of Health

(collected July

Silica (Si0p)

Tron (Fe)

Calcium (Ca)

Magnesium (g)

Sodium and Potassium (Na+K)
Chloride (CL)

Sulphate (S0,)
Bicarbonate (HCO3)
Total hardness (CaCO3)
Fluoride (F)

Total Solids

91

1959)

43N 35W 16-1 43N 35W 21-1

Rvden Nash

12 ppa 13 ppe
0 n

32 36
19 22
2.5 2.9
0 0
5 11
154 175
132 158
0 ¢
148 172

é.
|
|
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MARQUETTE COUNTY

WATER QUALITY
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(analyses by the U.S. Geological Survey except as noted)

Chemical analyses of water samples from lower sandstones
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